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.^Activodon risinensis, sp. nov. Upper surface of the skull as drawn from
the impression, natural size. The broken line indicates restored por-

tions. iSq.= Squamosal ; Au.=auditory notch; Pa.— parietal ; P. f.=

parietal foramen ; Fr.=frontal ; Orb.= orbit ; Na. - nasal ; Nar.— narial

ay^erture.

.—View of the Jutana Canon from the head of the ‘ falls \

The laminated beds which cap the hill on the right of the picture are the

flags and shales of the Salt Pseudomorph zone. The massive beds down
to the rock face at the top of the scree are the Jutana Dolomites. Below
these beds come the laminated horizon, seen in the next slope outward,
of the Neobolus bods of Khusak Fort. T’^ey are as thick as the Jutana
series. Below them, and beginning about the middle of the further

slope, are the Purple Sandstones. These sandstones are underlaid by
the Purple Shales which are seen in the base of the cliff near the curve
of the stream bed. The section from the top of the Jutana Dolomite
to the lowest point of the Purydo Shales is roughly 800 feet. The total

h(‘ight of the point facing Jutana is upwards of 1,000 feet. The cap-

})ing is of the Salt Pseudomorph beds. The base is of scree and hidden
b<5neath this debris is the bright red marl of the Saline series of Khewra.
The entrance to the caiion would be an excellent place to j>rovc the

strata beneath by boring.

!. Panorama. View of Khewra Gorge and village.

The cliffs on each side of the gorge are capped by Dolomite (Magnesian
Sandstone), and underlaid by the Ncobolus B<5ds, which in turn overlie

the Purple Sandstone and Shales. The village is situated on the Salt

Marl. The rocks seen in the distance at the head of the gorge are the
Nummulitic limestones. The line of subsidence extends horizontally

in the picture from the bend of the stream to the entrance of the high
level tunnel. The flume can be seen on the east bank of the stream.
The infiltration gallery in the stream-bed had oiUy just been started

when the photograyih was taken. Minor subsidences are evident in

the building on the bank of the tributary stream to the right of the
salt train. The entrance to the high level tunnel is above this building.

The low level tunnel is under the tributary stream-bed at a depth of

about 40 to 45 feet.

L~View looking west from the east side of the Khewra glen. Hill
“ 1817 ” is seen on the left. In the middle of the picture the Salt Marl
with outcrops of rock salt and included IcnticleH of gypsum is seen to

strike westward to the Dandot valley. A close examination of this ph. to

graph will reveal the overfolded condition of the Salt Mark It will

be also evident that the ovorfold is more suggestive of an extrusive
origin than it is of any other explanation, especially as the strata on
each side—the Purple Sandstone, etc.—are never found to be bent or
buckled although they are tilted and fractured. The explanation is

given in Fig. 6, with which Fig. 7 should also be studied. The mining
village of Tobra is seen on the right of the picture on the heights which
overlook the Salt Marl*
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PLATE 5.—Vie^ looking up the flubsidence in Khewra village.

The line of the aubsidenoe covers the concealed outcrop of a seam of rock-

salt which evidently crosses east-north-eastward through the saddle*

The hills to the left above the village consist of debris of bright red
saline marls with fragments of dolomitic limestone and gypsum. This
material though soft and plastic stands at a relatively high angle (of

repose).

PLATE 6.—View of Dandot plateau, from Hill “ 2666 ” south of Pidh, looking south-
east. The river Jhelura is seen beyond and on a fine day the Kirana
and other hills of the Jech and Rechina Doabs (Rec. Oeol, Surv. India,

XLTII, pt. 3, 1913, pp. 229-236) can be clearly seen. The Dandot
plateau is capped with Nummulitic Limestone and the stop in the scarp

at A shows the village portion of the plateau to have slipped down-
wards. The greater dip in the lower beds is clearly seen on the slopes

of Hill “ 2340 ” where the Cambrian strata underlie the Boulder Bed
and Speckled Sandstones of the summit. The dark beds in the middle
of the picture are Speckled San ^tones and the Boulder Bed overlying

the Salt Pseudomorph Beds so that there must be a fault or slip between
it and the Dandot plateau Hill “ 2666 ” is capped with Nummulitic
Limestone with the Laki coal-bcaring horizon on a level with the terrac e

in the foreground of the picture. It is thus seen that a considerable*

amount of slipping or subsidence has taken place between Hill “ 2608 ’*

and Hill “ 2340 as though the plateau had itself sunk bodily.

PLATE 1.—View from Dandot plateau south-eastwards with the plains of the Jhclum
valley in the distance. The village of Dandot is seen on the cliffs in

the left of the picture. The coal measures lie in the saddle where the

workshop buildings are seen and their outcrop follows round to the
mine seen in the foreground. The beds under the coal are not clearly

exposed, but they are roughly 100 feet below and overlie the Speckled
Sandstone and the Boulder Bed of Hill “ 2340”. This Hill “ 2340

”

above the workshop buildings and forming the central feature in the

photograph, shows the dipping strata of the Speckled Sandstone (Conu-

laria beds). On the outward slope of this hiU, underlying the Boulder
Bed, are successively the Salt Pseudomorph Beds, the Noobolus Beds
and the Phrple Sandstones and Shales with the gypsum band below.

Then follow the inverted beds of dark Purple Shales and Sandstones,

which are seen on the right of the picture. The light coloured strata

at A are the Salt Marls which were seen and discussed in connection
with Plate 4. Hill “ 1817 capped with Magnesian Sandstones is

also seen*

PLATE 8.—View from Hill “ 2061 ” looking eastward. In the foreground is the
Uchli £Las glen. Dandot village crowns the Nummulitic scarp to the
left (north). Hill “ 2340 ” with the great unconformity between the
Talchir Boulder Bed (Upper Carboniferous) and the Salt Pseudomor))h
Beds (Upper Cambrian) are indicated. The gypsum band between
the normal and inverted strata is also clearly seen. All the beds below
the gypsum band are overturned. The Purple Sandstone and the Neo-
bolus Beds are seen repeated. If a thrust-plane lay between the Purple
Sandstone and the Neobolus Beds it is evident that the thrust-plane

would also be included in the fold. This photograph thus proves that
the Purple Sandstones cannot bo separated from the Neobolus Beds
on structural grounds and the beds are obviously related stratigra-

phically.

A ourious sink-hole subsidence is seen in the Uchli Kas and the fact that
a large mass of strata are seen to be sunk in the Salt Marl across the
Dandot valley (see right of picture) on the same line of strike as the
axis of the inverted beds is suggestive' of subsidence rather than over-

folding to account for the section seen in this pliotograph. The sunken
mass above-mentioned is well seen in Plate 9,
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PLATE 9.—A continuation of the Pandot section seen in Plate 8, and also taken from

Hill “ 2061 ” looking eastward. The inverted Cambrian beds—the

gypsum band at the base of the Purjjle Shales, the Purple Sandstones

and particularly the junction between the Purple Sandstone and the

Neobolus Beds, are all clearly seen. The sunken mass of Cambrian
strata embedded in the Salt Marl across the valley is also evident (see

Plate 10).

PLATE 10.—Is a view looking east-8<)uth-east from the saddle, between Hill “2340”
and Dandot village, at top of incline. Hill 1817 with its cap of Mag-
nesian Sandstone is seen in the distance with the Jhelum river beyond.

The belt of Salt Marl and rock-salt outcrops which trend into the Khewra
glen is seen in the middle of the picture. The sunken mass of Neobolus
Beds with a capping of Magnesian Sandstone and a plinth of Purple
Sandstone is seen, surrounded by the bright red Salt Marl, just above
the post of the distant signal. The tubs are filled with limestone (4)

and coal (2). On the left of the picture the Cambrian strata are seen

in situ on the main cliff face.

PLATE II.—This is a view from below the summit of Hill “ 2340 ” south of Dandot
looking westward to Hill ‘‘ 2061 ” and the Jhelum river beyond. The
^ypsum band O is clearly seen to he conformable to the underlying

strata. In the foreground are seen the Salt Pseudomorph Beds. The
man on the right is standing in fr<*nt of the little cliff which is the base

of the Boulder Bed. The glen below is the UchJi Kas Kurlnia lies at

the entrance to the gorge, seen on the left of the picture, which leads

up into the Uchli Kas. Salt Marl is seen in the foot-hills on the left.

The dark rocks seen at the bottom left-hand corner arc inverted Purple
Sandstones. The strata lying in a normal position are seen on the spur
which joins Hill “ 2061 ” with the foot of the Dandot scarp to the north
(right).

PLATE 1^.—Banded rock-salt in the Nilawnn Ravine. Tilted, faulted and squeezed
strata of the Saline Series which suggest tectonic movements in the
Salt Range. The mass is really partly slipped and partly up-heaved
inatenal. The whole appears to have subsided as the result of the
solution and wetting of the soft clayey material of the Saline Senes.
The pressure of the strata of the main slope has squeezed out the plastic

salt and saline marl under and into the ravine bed. Looked at closely

it will be seen that the section across the ravine is that of a low anti-

cline, the tilt away from the gorge being due to the pushing out, upward,
of the plastic, wetted marl and rock-salt of the Saline Series. The
cutting action of the stream disturbs the isostatic balance by removing
material from over the plastic beds, and this, as a result of the pressure
of the strata on the main hills on either side, has pushed up into the
ravine floor.

PLATE 13.—Vlew looking up the Xilawan Ravine. The Saline Series of rock-salt,

gypsum and bright red saline marls, are seen on the right bank of the
jiicture. These strata are overlaid by the shales of the Khewra stage
(Purple Sandstone) and then by the sandstone. The spur at the right

top is capped by the Kusak (Neobolus) Shales while the main scarp
to which this spur is joined is capped with the Jutana Dolomite (Mag-
nesian Sandstone). A gentle anticlinal structure across the valley is

fairly evident the dips being somewhat steeper in the lower beds in tbs

sides of the ravine as though the valley floor corresponded with on axis

of bending due to the localized pressure of some underground heave.

PLATE 14.—Vlew looking back (south) down the Nilawan Ravine. The pinnacle on
the left is Purple Sandstone (Khewra stage) underlaid by purple shales

with the Saline Series showing in the base of the slope in the ravine.

The massive Purple Sandstone is seen forming the plinth of the bluff

in the middle of the picture. The overlying soft beds are the Kusak
O
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(Neobolus) shales, while the bluff is surmounted by the Jutana Dolomite
(Magnesian Sandstone) with a thin capping of the equivalents to the

Baghanwala (Pseudomorph Salt Beds) zone. The dark, somewhat
broken strata on the right of the ravine are Purple Sandstones which
have subsided or been faulted down. The slipping of smaller material
is evident on the slope below the pinnacle.

PL4TE 15.—A view in the Warcha defile above the Salt mines and on the way up to

the newly opened prospecting adits. The interest in this photograph
lies in the fact that rocks older than the Saline Series show up in the
valley bed. In this picture these folded strata are seen under the Salt

Marl. There is an exposure of rock-salt half-way down the cliff face

under the little guard hut which is seen on top. I was not able to deter-

mine if these folded flaggy and shaly beds (impregnated with salt) were
part of the Saline Series or truly below these strata. This locality

AM^uld be a suitable place to put down a boring from which considerable

information might be obtained.

PLATE 16.—The Salt Hill of Bahadur Khel (Kohat district). The banding may be
the original bedding of the roc k, so far as one can guess, while the pucker-

ing seen on the right-hand aide is res})onsible for the schistose nature

of the Salt. Murray Stuart considered the banding as due to foliation

planes. It is quite pos^sible this “ metamorphic ” explanation is the

correct one but it is difficult to decide. The chemical nature of the
Salt, except for included earthy matter, does not vary greatly.

PLATE U.—Pseudomorphs of clay after Rock-Salt. The little cubes of salt appear
to be attached to the undcr-side of the flaggy layers and to project

into the soft red clay which is below. There is a thin parting of green
(glauconitic) clayey matter between the red clay and the flaggy layer

t-) which the pseudomorijhs are attached. These Pseudomorph Beds
aie best exposed on the track leading from Baghanwala to Ara, and
this horizon is most appropriately designated the Baghanwala beds.

PLATE 18.—Map of Khewra-Dandot Area. Scale 1 inch-=l mile.

PLATE ll>,—Plan of Iron Ore Dci)o8its at Naungthakaw, Northern Shan States. Scale

1 inch= 800 feet.

PLATE 'XO.—Fig. 1 .—Comhyvs cf. aitiditmis (Lyd.) Mandible from the Kamlial stage

of Sadrial near Khaur, Attock district, Punjab. (Ind. Mus.
B. 773) surface view ; natural size.

,, 2.—Inner side, view of the left hand series of teeth in the same
mandible ; nat^iral size.

,. 3.—Cross-section of the canine in the same mandible ; natural

size.

PLATE ^1.

—

Fig. 1.—292A, Dabra, Indore State.

„ 2.—Photomicrograph of the Dabra meteorite from the Lua fall.

No. 292C, showing a rectangular fibrous aggregate of en-

Btatite and chondri of olivine.

„ 3.—292D, Dongria, Udaipur State.

„ 4.—292B, Dabra, Indore State.

„ 6.—292C, Dabra, Indore State.

PLATE 22.

—

Figs. 1 and 2.—The Lua meteorite, Udaipur State (front and rear views).

PLATE 23.

—

Figs. 1 and 2.—The Lua meteorite, Udaipur State (end and bottom
views),

PLATE 24.

—

Fig. 1.—^The Lua meteorite (end view).

„ 2.—Portion of the crust of the face of the Lua meteorite shown in

Plate 22, figure 2 (natural size).

PL ATB 25.

—

Fit. 1 «i^otomicrograph of the Lua meteorite, showing a fibrous aggre-
gate of enitatite aad okondri of olivine.
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PLATE —^Fig 2.—Photomicrograph of the Lua meteorite showing an idiomor-

phic crystal of olivine in a polysomatic chondrue of olivine

and also other chondri of olivine.

PLATE JW.—Erratic blocks resting on Triassic limestone near Bura.

PLATE tr.

—

Figs. 1 to 8.

—

Orbitolina tibeiica n. sp., magnified 3*66 times. Figs. 3

and 7 are flat forms ; fig. 4 is the most conical ; figs.

1, 2, 6, 6, and 8 are moderately conical forms. In
figs. 2, 4 and 6 the external ornamentation is well pre-

served.

,, 9, 10.

—

Orbitoliiux tibeiica n. sp. ; discoidal forms showing concen-
tric lamellae and central boss. Magnified 18 times.

„ 11.—Vortical section through two specimens of 0. tibeiica^ which
are cemented together by calcareous matrix. Magnified 13
times.

„ 12.—Vertical section through a megalospheric form. Magnified 23
times.

Note.—

T

he specimens figured in figures 1 to 11 are from Kyataok ;

that shown in figure 12 is from Lhundub Dzong

PLATE 28.

—

Fig. 1.

—

Orbitolina tibeiica n. sp. Specimen etched with dilute HCI, to

expose the concentnc lamellse. Magnified 34 times.

„ 2.—Horizontal section through another 8i>eoimen in a latitude

below the region of rectangular cells. In this the lower
portions of the rectangular cellb are seen to have roughly
triangular or irregular outlines. Magnified 23 times.

„ 3.—Vertical section through a discoidal specimen of 0, tibeiica not
traversing the central boss. ^Magnified 13 times.

„ 4.—Horizontal section through another specimen ot O. tibeiica at

a lower latitude than that of fig. 2. Magnified 23 times.

„ 5.—Obliqiu* section through a megalospheric form of a moderately
conical type. Magnified 13 times

Note.—

A

ll the specimens are from Kyatsok.

PLATE J9.~Map of the Joya Mair Dome Fold. Scale 1 inch— 1 mile.

Section across the Joya Mair Dome Fold along the line A B. Scale 1 inch
= 1 mile, horizontal and vertical.

MOIPO—M—VIII-4.U—27-4 29—800
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GhNERAL RHPORi FOR 1927. BY SiR EDWIN PASCOE, M.A.,

Sc.D. (Cantab.), D.Sc. (Lond.), F.G.S., F.A.S.B.,

Director, Geological Survey of India.

DISPOSITION UST.

During the period under report the otficers of the Depart-

ment were employed as follows :

—

^ufer^ nteiideyits.

I)R L. L, F>:aM()R . Placed in charge of office till the 19th

April. Acted as Paleeontologist from

the 6th April to the Slst July 1927.

Placed in charge of the Central Pro-

vinces and Central India Party and
also temporarily of the Bihar and Orissa

Party.

Dr. G. E. Pilgrim . Acted as Palaeontologist till the 5th April

1927. Left for the field on the 3rd

April 1927 and returned on the 20th

July 1927. Remained at headquarters

and acted as Palaeontologist from the

Ist August 1927.

B



2 Records of the Geological Survey of India. [ VoL. LXI-

Mr. G. H. Tipper

Dr. G. de P. Cotter

Dr. J. Cogk3in Brown

Mr. H. Cecil Jones

Returned from the field on the 26th

February 1927. Granted combined

leave for two years and four months

with effect from the 6th May 1927, and

permitted to retire on the expiry of leave.

Returned from the field on the 14th

March 1927. Granted combined leave

for eight months from the 28th March

1927. Returned from leave on the

16th November 1927. Placed in charge of

the Punjab Party
;

left for the field on

the 23rd November 1927.

Granted leave on average pay for seven

months and twenty-five days with

effect from the Ist April 1927. Re-

turned from leave on the 7th Novem
ber 1927

;
placed in charge of the

Burma Paity.

Returned from the field on the 9th April

1927. Granted combined leave for

ten months and seven days with

effect from the 6th May 1927. Per-

mitted to attend the meeting of the

Second Empire Mining and Metal-

lurgical Congress held in Canada in

August 1927.

Asdistant Su'perintendents,

Mr. H. Walker . . Retired from service with effect from the

16th March 1927.

Dr. a. M, Heron . Returned from the field on the 3rd Febru-

ary 1927. Granted Study leave for

nine months with effect from the 12th

February 1927. Returned from leave

on the 7th November 1927. Placed in

charge of the Rajputana Party and
left for the field cn the 21flt November
1927.
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Dr. C. S. Fox . . Returned from the field on the 9th June

1927. Left for the Giridih coalfield

on the 12th July and returned to head-

quarters on the 16th, Placed in

charge of the Coalfields Party. Left

for the field on the Ist October 1927.

Mr. H. Crookshank • Granted leave on average pay for six

months and eleven days
;
availed himself

of the same with effect from the 13th

April 1927 from the field. Re-

turned from leave on the 22nd October

1927. Attached to the Central Pro-

vinces and Central India Party and

left for the field on the 7th November
1927.

Mr. G. V. Hobson . Returned from leave on the 6th Novem-
ber 1927. Attached to the Coalfields

Party and left for the field on the 23rd

November 1927.

Mr. E. L. G. Clegg . Acted as Curator of the Geological Mu-
seum and Laboratory till the 19th April

1927. Placed in charge of office from

the 20th April 1927.

Rao Bahadur S. Sethu Returned from the field on the 1st May
Rama Rau. 1927. Attached to the Coalfields

Party. Left for ^ne field on the 15th

November 1927.

Rao Bahadur M. Vina- Returned from the field on the 5th May
YAK Rao. 1927. Detailed for the investiga-

tion of the manganese occurrences in

the Belgaum and Eanara districts of

the Bombay Presidency and thereafter

for the continuance of the survey of

the North Arcot and Salem districts

in the Madras Presidency. Left for the

field on the Ist November 1927.

B 2
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Mb. £. J. Bbadshaw . Attached to the Burma Party ;
re-

mained in Burma throughout the period.

Placed temporarily in charge of the

Party during the absence of Dr. Coggin

Brown on leave.

Me. a. L. Coulson • Returned from the field on the 16th April

1927. Acted as Curator of the Geo-

logical Museum and Laboratory from

the 20th April to Slst August 1927.

Detailed for the investigation of the

hill slopes around Naini Tal. Left

for the field on the 3rd September

and returned to headquarters on the

10th October 1927. Appointed Cu-

rator of the Geological Museum and

Laboratory from the 12th October 1927.

Me. B. N. Wadia • Returned fj'oni leave on the 3rd Novem-

ber 1927. Attached to the Punjab

Party ; left for the field on the 18th

November 1927.

Dr. J. a . Dunn . . Returned from the field on the 2l8t April

1927. Attached to the Bihar and

Orissa Party. Left for the field on the

.‘K)th October 1927.

Me. C. T. Barber. . Remained in Burma throughout the pe-

riod as Resident Geologist at Yenan-

gyaung and official member of the

Yenangyaung Advisory Board.

Mb. E. B. Gee . . Returned from the field on the 14th

March 1927. Granted combined leave

for seven months and twenty-four days

with effect from the 18th March 1927.

Returned from leave on the 22nd Octo-

ber 1927. Attached to the Coalfields

Party ; left for the field on the Ist

November 1927.
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Mb. W. D. West .

Mr. a. K. Banerji

Dr. M. S. Kkishnajn

Mr. P. Leicester

Dr. S. K. Cjhatterjee

Mb. J. B. Auden .

General Report for 1927, 5

. Returned from the field on the 11th July

1927. Remained at headquarters

during the rest of the period nnr^er

report.

. Returned from the field on the 7th May
1927. Acted as Curator of the Geolo-

gical Museum and Laboratory from the

Ist September to the 11th October

1927. Attached to the Coalfields

Party : left for the field on the Ist

November 1927.

. Retuined Irom the field on the 4th May
1927. Services placed at the disposal

of the Department of Education,

Health and Lands for a period of four

months with effect from the 1st July

1927. Attached to the Bihar and

Orissa Party
;

left for the field on

the 16th November 1927.

• Attached to the Burma Party
;

remained

in Burma throughout the period under

report.

• Returned from the field on the 29th April

1927. Granted leave on average

pay for twenty-four days with effect

from the 4th May 1927. Returned

from leave on the 26th May 1927.

Attached to the Central Provinces and

Central India Party ; left for the

field on the 7th November 1927.

. Returned from the field on the 13th April

1927. Attached to the Coalfields

Party; left for the field on the 3rd

November 1927.
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Mr. V. P. SoNi>Hi

Mr. B. B. Gupta .

Dr. W. a. K. Christie .

Mr. K. F. Watkinson .

Mr. B. B. Gupta .

Mr. D. S. Bhattahhar-

JL

Attached to the Burma Party ; remained

in Burma throughout the period under

report.

Appointed Assistant Superintendent, Geolo-

gical Survey of India, with effect from

the Ist November 1927. Attached to

the Burma Party.

Chemist,

At headquarters.

Artist,

At headquarters till the 10th July

1927. Granted leave on average pay

for two months and fifteen days with

effect from the 11th July 1927. Re-

turned from leave on the 26th Sep-

tember 1927. Remained at headquar-

ters during the rest of the period under

report.

Syb-Assistants,

Attached to the Burma Party. Promot-

ed to the grade of Assistant Superin-

tendent with effect from the 1st No-

vember 1927.

Returned to headquarters from field work

in the Central Provinces on the 6th

May 1927. Attached to the Central

Provinces and Central India Party

;

left for the field on the 10th Novem-
ber 1927.
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Mr. B. C. Gufi’a .

Mr. H. M. Lahiri

Mu. L. A. Narayana
Iyer.

Mr. P. N. Mukerjee

Mr. P. C. Roy

General Report for 1927. 7

Returned to headquarters from field

work in Rajputana on the 2nd May
1927. Granted leave on average pay

for eighteen days with effect from the

Pith September 1927 and
^
permitted

to affix the Puja holidays.
,
Returned

from leave on the 12th October 1927.

Attached to the Rajputana Party
;
left

for the field on the 17th November 1927.

. Returned from field work in the Punjab

on the Ist May 1927. Granted leave

on average pay for three months and

eleven days with effect from the 4th

May 1927. Returned from leave on

the Ist August 1927. Attached to the

Punjab Party
;

left for the field on the

Ist December 1927.

Returned from field work in Bihar and

Orissa on the 4th April 1927. Granted

leave on average pay for two months

and seven days with effect from the 6th

April 1927. Returned from leave on

the 13th June 1927. Granted combin-

ed leave for two years with effect from

the 12th September 1927.

. At headquarters till the 11th October

1927. Granted leave on average pay

for seven weeks with effect from the

12th October 1927. Returned from

leave on the 30th November 1927. Re-

mained at headquarters

Assistant Curator,

At headquarters.
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Field Collectors,

N. K. N. Aiyengar . Returned to headquarters after collection

of specimens from the Punjab and Raj*

putana on the 21st April 1927.

Granted leave on average pay for two

months with effect from the 16th May
1927. Remained at headquarters.

A. K. Dey . , Returned to headquarters after collection

of specimens from Madras on the 17th

May 1927. Detailed for the collec-

tion of specimens in Bombay. Left

for the field on the 22nd November

1927.

Museum Assistants,

Austin, M. N. At headquarters.

Ghosh.

D. Gupta . . At Headquarters till the 11th October

1927. Granted leave on average

pay for one month and twenty*eight

days with effect from the 12th October

1927. Returned from leave on the

10th December 1927. Remained at

headquarters.

The cadre of the Department continued to be 6 Superintendents,

22 Assistant Superintendents and one Chemist. Of the two vacancies

in the grade of Assistant Superintendent, including the one caused

by the retirement on pension of Mr. H. Wajker, one was filled

during the year.
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ADMINISTRATIVE CHANGES.

9

Dr. C. S. Fox was appointed to officiate as Superintendent

from tlie 28th March 1927 to the 16th November 1927 vice

Dr. G. de P. Cotter on leave, and again from

poiivt^nt^^
November 1927 onwards vice

Mr. H. C. Jones on leave.

Dr. Heron was appointed to officiate as Superintendent from the

7th November 1927 vice Mr. G. H. Tipper on leave.

Mr. E. L. G. Clegg was appointed to officiate as Superintendent

from the 20th April to the 6th November 1927 vice Dr. J. Coggin

Brown on leave and again from the 7th to the 15th November 1927

H-ce Mr. H. C. Jones on leave.

Mr. E. L. G. Clegg acted as Curator, Geological Museum and

Laboratory till the 19th April 1927. Mr. A. L. Coulson acted as

Curator till the 31st August 1927, when his duties were taken over

by Mr. A. K. Banerji. The latter officer was relieved by Mr. A. L.

Coulson on the 12th October 1927.

Dr. G. E. Pilgrim acted as Palaeontologist till the 5th April

1927 when he was relieved by Dr. L. L. Fermor. From the 1st

August 1927 Dr. Pilgrim again acted as Palaeontologist.

Mr. 1\ Leicester and Dr. S. K. Chatterjec have been confirmed in

their a, pointments as Assistant Superintendents.

Mr. B. B. Gupta, Sub-Assistant, was promoted Assistant Superin-

tendent with effect from the 1st November 1927.

Mr. H. Walker, Assistant Superintendent, retired from the

Retirement. service with effect from the 16th March 1927.

Mr. G. H. Tipper was granted combined leave for two years and

four months with effect from the 6th May
Leave.

^^^7.

Dr. G. de P. Cotter was granted combined leave for eight months

with effect from the 28th March 1927.

Dr. J. Coggin Brown was granted leave on average pay for seven

.
months and twenty-five days with effect from the let April 1927.

Mr. H. Cecil Jones was granted combined leave for ten months

and seven days with effect from the 6th May 1927.

Dr. A. M. Heron was granted study leave for nine months with

effect from the 12th February 1927.

Mr. H. Crookshank was granted leave on average pay for six

months and eleven days with effect from the 13th April 1937.
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Mr. G. V. Hobson was granted an extension of leave for thirty-

five days with effect from the 7th October 1927.

Mr. E. R. Gee was granted combined leave for seven months

and twenty-four days with effect from the 18th March 1927.

Dr. S. K. Chatterjee was granted leave on average pay for twenty-

four days with effect from the 4th May 1927.

Mr. K. P. Watkinson was granted leave on average pay for two

months and fifteen days with effect from the 11th July 1927.

Mr. B. C. Gupta was granted leave on average pay for eighteen

days with effect from the 12th September 1927.

Mr. H. M. Lahiri was granted leave on average pay for three

months and eleven days with effect from the 4th May 1927.

Mr. L. A. Narayana Iyer was granted leave on average pay for

two months and seven days with effect from the 6th April 1927

and was again granted combined leave for two years with effect

from the 12th September 1927.

Mr. P. N. Mukerjee was granted leave on average pay for seven

weeks with effect from the 12th October 1927.

LECTURESHIP.

Mr. E. L. G. Clegg continued as Lecturer on (Jeology at the

Presidency College, Calcutta, till the Slst October 1927 when he

was relieved by Mr. A. L. Coulson. Dr. M. S. Krishnan acted as

a wholetime lecturer on Geology at the Forest College, Dehra

Dim, for a period of four months from 1st July 1927.

POPULAR LECTURES.

A popular lecture on “A Geological Excursion to the Canary

Islands ” was delivered in the Indian Museum by Dr. L. L.

Fermor during the year.

LIBRARY.

The additions to the Library amounted to 4,628 volumes of which

1,216 were acquired by purchase and 3,413 by presentation and

exchange.

^PUBLICATIONS.

The following publications were issued during the year under

report :

—

1. Records, Vol. LIX, part 4.

2. Records, Vol. LX, part 1.
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3. Records, \^ol. LX, part 2.

4. Records, Vol. LX, part 3.

5. PalsBontologia Indica, New Series, Vol. VIT, Memoir No. 3.

6. PalsBontologia Indica, New Series, Vol. IX, Memoir No. 2.

Part I.

7. Paleeontologia Indica, New Series, Vol. X, Memoir No. 1.

8. PalsBontologia Indica, New Series, Vol. X, Memoir No. 2.

9. Palseontologia Indica, New Series, Vol. XIV.

MUSEUM AND LABORATORY.

Staff.

Mr. E. L. G. Clegg was Curator of the Geological Museum and

Laboratory from the beginning of the year under report until the

19th April. On the 20th April he was re*

lieved by Mr. A. L. Conlson who remained in

charge until 31st August. Mr. A. K. Banerji assumed the duties

from the 1st September to 11th October and from the 12th October

Mr. A. L. Coulson again resumed charge. Babu Puma Chandra

Roy remained Assistant Curator throughout the year and Babus

Austin Manindra Nath Ghosh and Dasarathi Gupta fulfilled the

duties of Museum Assistants. During the absence of Babu Dasa-

rathi Gupta on leave, his duties were temporarily performed by

Babu Nabagopal Gupta. Babu Lekh Raj continued to act as Chemi-

cal Assistant to the Burma Party, Rangoon.

After his return from leave on the 2nd January, Dr. W. A. K.

Christie continued his duties as Chemist throughout the year,

Chemist
remaining at headquarters for the whole pe-

riod.

The number of specimens referred to the Curator for examination

and report was 676 of which assays and analyses were made of 46.

The corresponding figures for the previous year

and^Analyses*'^^

^***^*^
respectively. Chemical work

included analyses of gases, waters, coals, lime-

stones, manganese ores, sillimanite-rocks, pyrrhotite, gedrite, juddite,

gneiss, calc-gneiss and quartz-magnetite-rock.

A collection of 160 well-preserved beautiful beads—not included

in the above figures—was submitted for examination by the Archaso-

logical Survey of India. These were found
Bea^ from Mohenjo

recent excavation work ar Mohenjo

Daro, m Smd, and are considered to be be-
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tween 4,600 and 6,000 years old. The skill of the lapidary shown in

the making of th^ beads so as to bring out their full beauty indicates

a surprisingly advanced state of cultural development. The beads

are mostly of agate, agate-jasper, jasper, onyx, bloodstone, amazon
stone, chalcedony and jade. The writer is preparing for the

Archaeological Survey a note upon the sources of the minerals found

at Mohenjo Daro.

A specimen from near JogipalU Shrotriem (14'" 13'
:

79° 44')

in the Madras Presidency has been identified as one of the gahnite

Qahnite
group of zinc-spinels, a group of very uncom-
mon occurrence in India.

During the year, an inventory was taken of the number of

specimens exhibited and stored in the coUec-

in '^tr'’Museunrc" *1^® Geological Survey of India. The
Hon*. following figures are of interest :

—

—
Total Number.

Number
exhibited

in the
Museum

.

MineraJs interesting from a soientiSo point of 11,960 4,220
view.

Minerals interesting from an economic point of 4,>690 4,690
view.

Meteorites . 588
1

588

Rooks ........ 44,160 3,730

Fossils—Vertebrate ..... 26,780 3,270

Fossils—Invertebrate 197,270 47,890

Dnplioate rocks and minerals arranged in sets

lor educational purposes.
14,950 ••

Totai/3 300,398 64,388

During the year under review, collections of minerals were

Donation* to Mu- presented to the under-mentioned inatitu-

geunu, etc. tions :

—

1. Department of Commerce, University of Allahabad.

2. Department of Botany, 8t. John’s College, Agra.

3. Mineral Depattmeht, Biitish Museum (Natural ^istoiy}.



Part 1 .] General Report for 1927. 18

L Geological Survey of South Africa.

6.

University of Calcutta.

6. Agricultural College, Lyallpur.

In addition to the above, the following specific presentations

were made :

—

1. Corundum to T. V. M. Eao, Esq., Geology Department.

Imperial College of Science and Technology, London.

2. Talchir boulders to Prof. E. W. Skeats, University of Mel-

bourne.

3. Glass-making materials to the Principal, Technological In-

stitute, Cawnpore.

i. Bauxite to J. K. Chaudliury, Esq., Header of Chemistry,

Dacca University.

5. Tourmaline to the Indian Institute of Science, Bangalore.

In addition to a large number of specimens collected by mem-

,,,, , ^ bers of the Department, the following speci-

mens were received and included m our collec-

tions :

—

1. Raw coal, dried coal and a briquette, Yallourn, Australia.

Presented by Diwan Bahadur T. Rangachariar, O.T.E.

2. Allachite, Sweden, Presented by Prof. P. Quensel.

3. Nasonite, Sweden, Presented by Prof. P. Quensel.

4. Finnemanite, Sweden. Presented by Prof. Quensel.

5. Dixenite with pyro-aurite, Sweden. Presented by Prof.

P. Quensel.

6. Sarldnite, Sweden. Presented by Prof. P. Quensel.

7. Magneto-plumbite, Sweden. Presented by Prof. P. Quensel.

8. Langbanite, Sweden. Presented by Prof. P. Quensel.

9. Quenselite, Sweden. Presented by Prof. P. Quensel.

10. Hausmannite, Sweden. Presented by Prof. P. Quensel.

11. Braunite crystal, Sweden. Presented by Prof. P. Quensel.

12. Corundum crystal. Presented by the Director, Geological

Survey of South Africa,

13. Chrome-garnet (uvarovite). Presented by the Dirt‘ctor, Geo-

logical Survey of South Africa.

14. Hortonolite-dunite (a platinum-bearing rock), Lydenburg dis-

trict, Transvaal. Presented by the Director, Geological

Survey of South Africa*
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Hortonolite-dunite in contact with chromite-rock. Same lo-

cality. Presented by the Director, Qeologicai Survey

of South Africa.

16. Volcanic ash, from Mt. Pel6e, Martinique, West Indies.

Presented by M. E. Gaudert, Pondicherry.

17. Garnet crystal in mica. Purchased.

18. Chapmanite, Ontario. Presented by Dr. T. L. Walker.

19. CoUinsite, British Columbia. Presented by Dr. T. L.

Walker.

Meteorites.

No falls of meteorites were recorded during the year under

review. On the 28th November, however, a very fine specimen

of a stone meteorite, weighing 8,632 grammes,
was received for examination from the Mewar

Durbar, Rajputana. This fell in the village of Lua (24° 67' : 76° 11'),

Begu pargana of the Udaipur State, between 3 and 3-30 o’clock,

p.m., on the 26th June 1926 and was mentioned in the preceding

General Report. A complete account of the stone will be published

later.

During 1927 in the Burma Laboratory 114 specimens were re-

ceived and reported on, of which 18 were quantitatively examined.

The corresponding figures for B)26 were 98 and
13 respectively. The specimens examined included

ancient ornaments and jewellery found by the Archaeo-

logical Survey during the course of excavations at Hmawza (Old

Prome)
;
coal, iron ore, lead ore, tin ore and stibnite.

Burma Laboratory.

DRAWING OFFICE.

The artist, Mr. K. F. Watkinson, remained in charge throughout

the year, with the exception of two-and-a-half months when Babu
KaU Dhan Chandra hel^ charge.

The amount of pubbeation work passing through the Drawing

Office has been steadily maintained, a noticeable feature of the work
submitted for reproduction being the intricacy

u tat ons.
geological detail. The following plates

have been prepared during the year: 21 plates for the Re^rds,

37 plates for the Memoirs and 23 plates for the Palseontologia

Indica.

The total number of impressions made for publication were

64,760. This work has involved the preparation of 206 separate

fossil photographs and 266 separate fossil drawings.
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(ieological Map of India.

The plates for two volumes of the Memoirs are ready for publica-

tion and plates for two more are in course of preparation.

The preparation of the new geological map of India, scale 1 inch

=32 miles, has not proceeded as rapidly as anticipatecL Minor

alterations to the geology and a modihcation

in the method of reproduction have delayed the

draftsmen, but the work is proceeding steadily.

The card index catalogue of original geological maps has been

finished and brought into use. Work on the reduction of the one-

inch-to-the-mile surveys to the quarter-inch
Map section.

scale has proceeded slowly, 3G one-mch sheets

having been finished. Coloured original maps are mounted on cloth

when stored, and the repair of old and damaged maps provides

constant work.

The photographic section has been kept folly occupied both in

the preparation of prints to illustrate officers^ reports, and in the

preparation of blocks lor printing. The num-
Jhotographic hcction.

negatives registered and added to the

collection during the year was 242 against 332 in 1926. The number

of photographic prints made amoimted to 1,344 against 1,676 in

1926.

PAL/EONTOLOQY.

Dr. C. hi. Pilgrim continued to fill the post of Paleontologist

up to the 5th April and again from the 1st August for the remainder

of the year. Between the 6th April and the 31st July i)r. L. L.

Permor took charge during Ur. Pilgrim’s absence in the Simla Hills.

Sub-Assistant P. hi. Mukherjee assisted the Palaeontologist with

routine Museum work and with the determination of specimens

during the year with the exception of two-and-a-half months absence

on leave. Museum Assistant A. M. Ghosh has been engaged under

Ur. Pilgrim’s supervision during most of the year in arranging,

cataloguing and preparing a card index of the specimens m the

Possil Vertebrate gallery, A card index of the invertebrate collec-

tions is also being compiled.

Uuring the year under review the following memoirs have been

published in the Pcdceontologia Indica :

—

(1) E. Vredenburg :
“ A Review of the Genus Gisortia with

descriptions of several species.” Memoir No. 3 of Vol.

Yli of the New Series.
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(2) L. P. Spath: “Revision of the Jurassic Cephalopod fauna of

Kachh/' Part I of Memoir No, 2, VoL IX of the New
Series.

(3) F. R. C. Reed :
“ The Palaeozoic and Mesozoic fossils from

Yunnan.” Memoir No. I of VoL X of the New Series.

(4) M. Cossmann and G. Pissarro :
“ The MoUusca of the Ranikot

Series (together with some species from the Cardita

Beaumonti Beds) revised by the late E. Vredenburg,

with an introduction and editorial notes by G. de P. Cotter.

. Memoir No. 2 of Vol. X of the New Series.

(5) G. E. Pilgrim :
“ A Sivapithecus palate and other Primate

fossils from India.” Vol. XIV of the New Series.

The following papers of palaeontological interest have appeared

in the Records :

—

(1)
“ The Distribution of the Gault in India,” by G. de P. Cotter.

(Vol. LIX, pt. 4.)

(2)
“ The Age oi the so-called Danian fauna from Tibet,” by

G. de P. Cotter. (Vol. LIX, pt. 4.)

(3)
“ On some fossil IncBan Unionidae,” by B. Prashad. (Vol.

JLiX, pt. 3.)

(4)
“ The Lower Canine of Tetraconodon ”, by G. E. Pilgrim.

(Vol. LX, pt. 2.)

The following papers of palaeontological interest have not been

published this year but print-off orders have been issued for all of

them, and they are expected to be published early in 1928.

Memoirs in the Pakeontologia Indica

:

—
(1) L. F. Spath :

“ Revision of the Jurassic Cephalopod fauna of

Kachh.” Part II of Memoir No. 2, Vol. IX of the New
Series.

(2) H. Douvill6 :
“ Les Couches a Cardita Beaumonti dans le

Beluchistan.” Memoir No. 3, Vol. X of the New
Series,

(3) E. Vredenburg :
“ A Supplement to the MoUusca of the

Ranikot Series edited with notes by G. de P. Cotter.”

Memoir No. 4, Vol. X of the New Series.

(4) B. Sahni :
“ Revisions of Indian Fossil Plants. I. Coniferales.”

Vol. XI of the New Series.

(6)

H. S. Bion: “The Fauna of the Agglomerc^tic Slate Series

of Kashmir.” Vol. XII of the New Series.
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(6) G. E. Pilgrim :
“ The Artiodactyla of the Eocene of Burma.”

Vol. XllI of the New Series.

Paper of palseontological interest in the Records :

—

(1) “A Permo-Carboniferous marine fauna from the Umaria
Coalfield,” by F. R. C. Reed (Vol. LX, pt. 4).

During a part of the year Dr. 6. E. Pilgrim has been engaged in

a revision of the fossil Indian Carnivora. The collections of the last

15 years have brought to light specimens which not only add to our

knowledge of species created by Lydekker, but also represent new

genera and species. Amongst the latter the Mellivorine group of

the Mustelids are particularly well represented, though the material

is unfortunately fragmentary.

Dr. L. F. Spath continues his revision of the Cephalopod fauna

of Kachh, and he, as well as Miss Muir Wood and Mr. L. R. Cox, is

studying the Cretaceous fossils of Gault age collected in Hazara

by Mr. C. S. Middlemiss and in the Samana range of the N.-W.

Frontier by Major L. M. Davies.

Sub-Assistant H. M. Lahiri has been engaged during the recess in

the final preparation for the Press of the late Mr. Vredenburg’s manu-

scripts of the second volume of the Post-Eocene Mollusca of N.W. India.

His work has consisted not in the revision of the descriptions of the

species but in identifying the actual specimens as far as possible (many

even now have not come to light) with the figures and descriptions,

inserting their localities and horizons according to Mr. Vredenburg’s

latest nomenclature, rectifying the more obvious inconsistencies,

and supplying numerous omissions of dates, references and the like.

Registration numbers have now been given not only to such speci-

mens as have been figured in the memoir but also to those unfigured

specimens belonging to species which Mr. Vredenburg recognized

in the Indian deposits, and which can be traced by his hand-written

labels or descriptions. The entire series is now stored amongst

the Geological Survey of India type collection, and is available for

reference when required. The memoir has been unavoidably

delayed owing to this work, but will be issued in the course of

next year.

Last season Field Collector Aiyengar collected from the Kamlial stage

of the Lower Siwaliks of Sadrial, near Khaur in the Attock district,

c
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an alinoflt perfect mandible of a species of Conohyus^ probably 0.,

sindiensis. Of especial interest is the preservation of the base of

the canine, hitherto unknown, which shows a cross-section no less

strongly scrofic than that of the European species of Oonohyus^ and

so entirely different from that of the other contemporary Indian

pigs which have a verrucose or siib-vcrrucose cross-section. This

mandible forms the subject of a joint note by Dr. G. E. Pilgrim and

Mr. Aiyengar which will in the first instance be communicated to

the Indian Science Congress in January 1927 and subsequently be

published in the Records of this Department.

Dr. Baini Prashad of the Zoological Survey of India, who has

been studying the fossil Unionid(v in the Geological Survey collec-

tions has submitted a preliminary paper containing descriptions of

three new species, Lamellidens jammuensis and Indonaia mittali

collected by Mr. N. C. Mittal from the supposed Upper Siwaliks

of Nagrota, Jammu, Kashmir, presented by the Maharajah Bahadur

of Kashmir, and Indonaia pascoei collected by Mr. K. A. K. Hallowes

from the Lametas of Nawapet, Hyderal^ad. This is published in

the Records, Vol. LX, part 3.

From time to time specimens of fossil plants obtained in the

course of survey operations have been sent for examination to Pro-

fessor B, Sahni of Lucknow University. Amongst these a fossil

fruit collected by Dr. C. S. Fox from the Tipam Sandstone, 22 miles

from Silchar, Cachar, Assam, has been provisionally assigned to one

of the JuglandacecB, Some dicotyledonous leaves from the coal

measures of the Naga Hills, also collected by Dr. Fox, prove to be

identical with the species PhyUites katnarupensis Seward {Rec, Geol,

Surv, Ind, Vol. XLII, p. 94, 1912) from the coal seams of Margharita

in Upper Assam.

Amongst the numerous specimens kindly presented to the de-

partment during the year or submitted for determination the follow-

ing deserve special mention.

Major A. L, Bacon, V.D., of the Burma Ruby Mines, Ltd., pre-

sented a number of fossil bones and teeth which were found in a

limestone cave on the eastern side of the Mogok valley. Since

teeth of Stegodon occur amongst them we must conclude either

that the remains are of Pleistocene age or that the genus Stegodon

persisted into sub-Recent times. It will be remembered that from

another cave in the neighbourhood of Mogok, Mr. Bacon obtained
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some years ago a skull of a carnivore which Sir A. S, Woodward
described and referred to a new genus to which ho gave the name
of Aelureidojms,

Another Ursoid animal, which appears to be extinct, is represented

in the present collection and await^^ further study. The remainder of

the collection consists of fragmentary jaws of pigs, deer and antelopes,

which unfortunately furnish no precise data for specific determination.

It is hoped not only that further collections may be made from these

caves, which promise to yield an interesting fauna, but also

that the geology of the caves and the nature of the cave deposit

may be investigated before long.

Mr. A. H. M. Barrington, Conservator of Forests, Hlaing Circle

Burma, submitted for identification a collection of fossils from the

Pegu Yoma, the precise locality being the bed of the stream

half a mile above Myauknigon (19° 32'
;

95° 25'). The speci-

mens were examined by Mr. B. B. Gupta who succeeded in

specifically identifying all but a very few and assigned them to the

Kama stage of the late Mr. Vredenburg’s scheme of classification.

Two specimens (Cylloic cf. C, varianSy Cossm. and a Clavilitkes re-

lated to C. bCfiiwNilNi^) are probably new species and have been re-

tained for further examination. The remaining specimens are of

previously described species and include :

—

Clavilithes seniiniulus

Noetl., Conus {Lithoconus) odengensis Mart., Surcula {Plevrofusia)

phasma Vred., Drillia {Bracliytonia) buddhaica Vred., Pleurotoma cf.

tekei Martin., Merica prooiensis Vred., Rimella (?) javana Martin,
Drillia (brachytoma) yabci Vred., Cidaris spine, Natica (Naticina)
all. llainvilleiy Desh., Pecten kokenianus, Noetl, Oliva (Strephona)

australis, Duclos var. indica Vred., Olivacillaria (Agaronia) pagodvda
Vred., Dione protophillijypinarurn Noetl. var. orbicularis^ and
0strum sp.

Some poorly preserved fossil specimens were obtained by Mr.
B. Bale Condit of the Whitehall Petroleum Corporation from the
oil-bearing strata of the Naga Hills, 3 miles south-west of Nichu
Guard, a point on the Kohinia road, 9 miles from Manipur Road
Station. The fossil bed is said to be 2 000 feet or more above a

Nummulitic horizon. Sub-Assisbint P. N. Mukerjee has discovered
a very close afiinity between a few shells in the collection and Cyrena
(Batissa) crawfurdi, a species which characterizes the topmost beds
of the Pegus at Yenangyaung, Burma. This suggests that the
Naga Hill bed may be of the same age.

0 2
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Another small oollection of fossils from Assam in an equally

bad condition has been in the hands of the Palaeontologist for

examination. The locality is N. W. of Kanchanpur, about 25 miles

S. S. W. of Badarpur, in the Cachar district and about 4 miles

W. S. W. of Hailikandi. Dr. C. S. Fox visited it with Mr. H. M. Sale

of the Burmah Oil Company and collected the specimens. Amongst

them Mr. P. N. Mukerjoe found only two which admitted in any way
of specific determination. These are two species of Meiocardia,

of which one is closely allied to Meiocardia melavulgaris Noetling,

while the other is new. Noetling recorded the species M. metavul-

garis from his zones of Mytilus nicobaricus and of Meiocardia meta-

vulgaris, both from Singu, Burma. Vredenburg correlated the Singu

stage with the Upper Nari of N. W. India and, therefore, regarded

it as the equivalent of the Chattian of Europe (Upper Oligocene).

Since the fossils occur in considerable numbers at this site it

is hoped that better preserved specimens may reach us before long,

which will permit of a more satisfactory estimate of the geological

age. It will be remembered that Mr. Vredenburg attempted a

provisional correlation of the Tertiaries of Assam in 1921 (Rec.

Geol, Sufv, Ind, Vol. LI, pp, 330-36), but the scarcity of fossils and

the difficulties of geological investigation in this densely forested

region gives an exceptional interest to fossil occurrences such as

the ones which have been recorded above.

A collection of fossils made by Mr. K. D. Thomson from the

Agglomeratic Slate series of the Bren spur near Srinagar, Kashmir,

possesses considerable interest. In the first place the specimens come
from a locality, in which though the Agglomeratic Slate series has been

mapped by Middlemiss and Bion, no fossils except Fenestella have

been recorded. In the second place the species are entirely different

from those which Bion has described from other exposures (Pal.

Ind, New Ser. Vol. XII). This difference may be due to a varying

local facies, or to a different age. The latter explanation would
accord well with Middlemiss' view (op, cii, p. 12) that these beds

occur at varying horizons in the different sections. The third

feature of interest is that undoubted evidence of glacial action in

the Agglomeratic Slate is here found for the first time in the pre-

sence of striated and facetted pebbles. Mr. Middlemiss (op, cit.

p. 4) has already suggested a glacial origin for the Agglomeratic

Slate, but was on the whole inclined to reject it in favour of explosive

volcanic action. Reticularia linecUa, Martiniopsis and other Braohiopoda
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occur in Mr. Thompson’s collection as well as numerous Lamellibran-

chiata. It is proposed to have the collection described and figured

at a subsequent date.

During the early part of the field-season, Sub-Assistant L. A.

Narayana Iyer, was deputed to make a further examination of the

patches of Upper Gondwana rocks along the East Coast with a

view to obtaining, if possible, a more representative collection of

the marine element of the mixed assemblage of land plants and sea

animals. The outcrops are all east of the granite boundaiy and

covered up either by laterite or black cotton soil. Exposures are

poor and sometimes limited to material from recently dug wells.

The beds are very thin, and have a gentle or rolling dip. Of the

four groups of exposures enumerated by Mr. Bruce Foote three were

investigated, the Kandukur, the Ongole and the Vemavaram-Buda-

vada. From the latter many specimens of plant remains and marine

fossils were collected. The latter are not well preserved, but as

their specific identification has not yet been attempted, it will be

suflRcient to enumerate the genera provisionally determined. These

are Leda. Lucina, Ostrera, Exogyra, Pecten, AveeUa, Area, Tellina,

Cyrerta, Lima (casts), a doubtful Trigonia, Cardinm^ Pronoella,

Alectryonia and Mytilns, Patella (several species, large and small),

Natica (casts), several species of Rhynchonella and Terebratnlay

and fragments of belemnites and ammonites.

Mention was made in the last General Report of certain black

disc-shaped markings collected by Mr. Jones in 1921 from the

Vindhyan rocks of Neemuch and sent to various authorities in the

United States for opinion. The opinion of Dr. C. D. Walcott,

Dr. E. 0. Ulrich. Dr. R. S. Bassler and Dr. C. E. Resser of the United

States National Museum is that they uie true fossils and definitely

brachiopods agreeing mo^t closely with orms of Acrothele from the

Cambrian. Professor B. F, Howell, of Pr'ncet-on University, on

the other hand, is more in favour of their being plant remains, since,

when heated, the shiny film of the fossil—which is evidently the

only part of the original organism now remaining—glow« and

bums to a grey ash. A piece of the shell of a Middle Cambrian

phosphatic specimen of Acrothele, when tested in the same way,

did not bum. Professor Howell remarks on the fact that there is

no certain evidence of a beak or of any of the other features

characteristic of Acn^hde shells. He suggests that if the

Vindhj^an fossils are animal, they might be flattened phosphatic
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shells of very primitive, probably pre-Cambrian, snails, and that

they also rcscml)le somewhat the opercula of certain Cambrian

pteropods. Their identification, therefore, is still somewhat doubt-

ful, although there seems to be a general consensus of opinion that

the specimens are brachiopods of Aci'otJiele affinities. The Suket

Shales in which they occur are found beneath the Kaimur sandstone

near Neemuch. The Kaimur sandstone is normally the base of

the Upper Vindhyans, but, according to Dr. Heron, in the Neemuch
area the Kaimur sandstone is succeeded in descending order by

the Suket Shales, the Nimbahcra Limestone, the Nimbahcra Shales,

and a very local basal conglomerate at Khori and Malan, with no

break in the succession. Dr. Heron would regard the above beds as

a local downward extension of the Upper Vindhyans below the Kai-

mur Sandstone. An all ernative view is to regard the Kaimur Sand-

stone as the lowest division of the Upper Vindhyans and the Suket

Shales as the top of the Lower Vindhyans, the Nimbahcra Limestone,

Nimbahcra Shales and Khori-Malan Conglomerate all finding a

place in the Lower Vindhyans.

During the year presentations of fossils were made to the follow-

ing institutions :—to the Indian School of Mines, Dhanbad, a

series embracing represcntati\cs of most of the invertebrate orders

and extending from the Cambrian to the Pliocene
;
to the Depart-

ment of Zoology, Allahabad University, a similar series including a

few vertebrate species
;

to the British Museum (Natural History)

duplicates of fossil mammals, chiefly from the Eocene of Burma,

and casts of certain mammalian skulls and jaws which it is intended

to figure in future publications.

MINERALOGY.

A doubt was raised during 1927 by Dr. Peacock of Glasgow

whether von Waltershauscn’s term palagonite (1846) is applicable

to the material to which this term has been

scHest

chloropha'itc
Deccan Trap basalts and similar

rocks in other parts of the world. Dr. Fermor,

in his study of the basalts of Bhusawal, has already drawn atten-

tion to the similarity between chlorophajite (1826) and some pala-

gonite, and a paper by him on the composition of chlorophseite

is appearing in these Records. Using four analyses of chlorophseite

from Nagpur, Edinburgh, Scuir Mohr (Island of Rum), and the

Giant's Causewfiy respectively, Dr. Feimor finds that the following
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general formula can be devised to interpret these analyses :

—

2|H2O.5R,O3.20SiO2+n(RO.H,O)+(80—4 /00 ^
0 .

The water in the last term is that driven off below 100° to 110°C.,

whilst the water in the other two terms is that driven off above

the temperature mentioned. Designating these as non-molecular

and molecular water respectively, Dr. Fermor points out that the

above formula shows that in chloroph®ite there is this curious

relationship between non-molecular and molecular water, namely that

for each increase of 1 unit of molecular water there is a decrease

of 4 units of non-molecular water. The specific gravity and

refractive index increase with the value of n. The palagonite of

Iceland is found to conform to this formula and hence it is deduced

that the term palagonite has been correctly used in the terminolog>'

of Deccan Trap basalts. The term chlorophseite has priority and

if the use of either term were to be discontinued, it should be pala-

gonite. Dr. Fermor advocates, however, that chlorophseite should

be used in a strictly mineralogical sense and that palagonite should

be retained with a more comprehensive scope in accordance with

which it implies not a definite mineral but rather a secondary hy-

drous rock of which chlorophoeite may be one constituent. Pala-

gonitisation is, then, the process by which this alteration is produced.

Some years ago whilst studying the coals of the Korea coal-

field, Central Provinces, (Memoirs XLI, part 2, 1914), Dr. Fermor

Specific gravity-ash
^ definite relationship between ash

relationship of Bokaro contents and specific gravity. On taking up

the geological survey of the Bokaro coal-

field (1916-17) he found that a similar relationship applied to the

coals of Bokaro. After eliminating certain discrepancies a definite

empirical rule can now be formulated by the use of which it is claimed

a prospector can determine in the field the approximate ash contents

of specimens of coal. The rule is 1 near and is as follows :

—

a=(5f—A:) XlOO,

where o=thc ash contents of the coal, ^=the specific gravity of

the coal and /:=thc specific gravity of ash-free coal for the field.

A paper on this suggestive and interesting subject is appearing

in the Records of the Department (Vol. LX, p. 313).

Empire Mining and Metallurgical Congress.

The second Triennial Empire Mining and Metallurgical Congress
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was held in Canada in August and September 1927. Mr. H. C. Jones,

Assistant Superintendent of the Geological Survey of India, was

deputed to represent his department at the Congress, but has not

yet returned from leave, nor submitted a report.

Simla Hill States.

During the spring of 1927, according to plan, Dr. G. E. Pilgrim

and Mr. W. D. West resumed work in the neighbourhood of Simla,

the former mapping the country to the west of the Simla motor

road, and the latter that between the Simla motor road and the Giri

river.

The highly metamorphosed schists, quartzites, and carbonaceous

limestone and phyllites of Simla and Jutogh, to which the name of

Jutogh series has been given were found to form an isolated out-

crop separated from the similarly isolated outcrops of Chail and

the Chor. The boundaries of the outcrop have been followed

north-west of Simla to Halog (Dhami State) and then south-east

to about midway between the motor road and the Ashni river

and thence back to Simla. Within these boundaries two carbona-

ceous bands have been recognized, though they have not every-

where been mapped. Both bands contain carbonaceous limestone

at intervals, though in neither of them is it invariably present.

These are considered to represent the same horizon repeated by

recumbent folding.

The Jutogh series has been found to rest everywhere on the

Chail series, though in Simla itself the latter thins out to some 30

feet, which were united by Oldham with the Jakko carbonaceous

slates of the Jutogh series. The Chail outcrop, like that of the

Jutoghs is isolated from the Chail beds of the Chor area
;

it extends,

however, much farther to the south-east and almost reaches the

Giri river. The composition of the beds closely resembles that of

the Chail series of the Chor area with one important exception

:

namely, that a lower horizon than any seen east of the Ashni river

is exposed almost continuously from that river to Halog. These

lowest beds are grey slates and banded limestones. The latter

were correlated by Medlicott with the Blaini on the Sairi road

and were mapped as such by McMahon {Rec. Oeol, Swrv. Ind.,

Vol. X, pp. 204-223 (1877)) wherever they occur.

Vv- Pilgrim now has litt;le doubt that the baivied limestone
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west of the Tons and 7 miles S.E. of Chakrata is identical with this

Chail Limestone and does not belong to the Jutogh series, accord-

ing to the view which he previously held and which was mentioned

in the last Annual Report (p. 22).

To the north-east of the Giri the characteristic quartzites and
conglomerates of the Jaunsar series crop out in two bands on either

side of and dipping under the Chail outcrop. Mr. West has shown

that the Jaunsars of the Simla and Chor areas are almost separate,

but not quite as is the case with the Jutogh and Chail series, since

a very narrow outcrop of them runs across the deep bed of the Giri,

where for the most part only the underlying Blaini or Simla Slates

are exposed. Mr. West had already shown that the Blaini dies

out between the Giri and Ashni rivers so that the Jaunsars rest

on the Simla Slates. Dr. Pilgrim has found that on the same line

to the north-west it reappears, but is very inconstant and always

thin. On the other hand the northern outcrop of the Blaini, which

Mr. West has followed from the Giri to Simla, generally displays

that series in an uninterrupted and typical development.

Both the bands of Jaunsar mentioned above thin out and finally

disappear, when traced to the north-east, and the overlying Chail

beds overlap them on to the Blaini or Simla Slates. Along the

same boundary south of Halog, Dr. Pilgrim has also identified

a thin band of the Subathu series, consisting both of the lime-

stone—here almost unfossiliferous—as well as of the basal pisolitic

laterite.

The three imoonfonnities, referred to above fully confirm the

conclusion previously arrived at, that each of them represents the

trace of a thrust-plane.

Dr. Pilgrim appears to have demonstrated that the Chail and

Jaunsar outcrops are each isosynclines of which the north-eastern

limbs are missing either wholly or in part. South-west of Halog,

the area between the Jaunsar thrust and another thrust which

is assumed to be the continuation of the Giri fault, is also occupied

by an isosyncline, of which the core consists of Simla Slates with

Jaunsars on either limb. This in its turn is thrust over a folded

series of Blaini and Infra-Krol which structurally seems to be in

continuation of the Krol Hill.

Dr. Pilgrim’s interpretation of the geology of the country between

the Mahasu ridge and the Shali peak differs considerably from

Captain Palmer’s, a brief account of whose work was published
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in the General Report for 1920 {Rec. Oeol. Surv. Ind.y Vol. LIII, p. 10).

He regardfi the Nummulitic beds as nnconformable to the Madhan
Slates and folded in with them

; the latter series are probably

Jaunsar. The extensive outcrop of slates and lenticular banded

limestones which overlies th(^ Madhan Slates was correlated with the

lowest Chail horizon, the upper beds of the Chails being represented

between Matiana and Narkanda by phyllites, talcose schists and quartz-

schists
;
the whole sequence is disposed in a series of isoclinal folds

within which occasional beds of a white quartzite, correlated with the

Jaunsar, have been pinched in. Half-a-mile from Narkanda these beds

are overthrust by highly metamorphosed mica-schists which are corre-

lated with the Jutogh series. Of Captain Palmer’s two alternative sug-

gestions (1) that the bmestone and slate series is Eocene, (2) that

it is older than and thrust over the Madhan Slates, Dr. Pilgrim

supports the second. He claims to have recognized the thrust-

plane between Mashobra and the Nauti river, where the Chail

limestone and slate series rests on some carbonaceous slates which

pass up conformably into the Shali Limestone. He favours an

age for the Shali Limestone immediately succeeding the Simla

Slates, and regards it as probable that the Madhan Slates (?Jaunsar)

are thrust over the Shali Limestone and do not overlie it in

normal succession according to Palmer’s view. At the same time

the evidence at present available is not sufficient for a definite

pronouncement on either point.

On the other hand the Naldara Limestone is considered to occur

as lenticles near the base of the Simla Slate series, and to agree

lithologically, with the so called Kakarhatti Limestone north of

Subathu.

It is unnecessary to describe this work in greater detail here

since a paper on the geology of the area has been submitted by the

two authors and will be published shortly.

It has been decided to depute another officer, Mr. J. B. Auden

to assist in this interesting Himalayan work. Mr. West will com-

plete the survey of the area adjoining Simla and proceed south-

eastwards in the direction of Chakrata with the aim of joining up

with Mr. Griesbach’s work in Kumaon, while Mr. Auden, after his

initiation to the rocks of Simla, will work north-westwards with a

view to joining up with Sir Henry Hayden’s surveys in Lahaul and

Spiti.
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ECONOMIC ENQUIRIES.

Building Materials.

Dr. Krishnan notes that the shales of the Iron Ore series in

Keonjhar State, Bihar and Orissa are usually plastic and generally use-

ful for making bricks and pottery. In the

lUIia^r^amf Oris’^n
also the weathering products of the

felspar are seen to be good clay, but they are

not found in bodies of any size.

Mr. V. P. Sondhi reports that exposures of a compact, bedded

sandstone of the Pegu series occur along the Ywashe-Yinmabin

road, west of Monywa (Sheet No. 84 N/l).

stonc is suitable for ordinary building

purposes and can l)e easily trimmed and shaped.

It is largely used by the Public Works Department in revetments

and bridges.

Compact rhyolitic tuffs and agglomerate occur along the same

road and are largely used as soling stone and road metal. They

are found to withstand the local traffic in a satisfactory manner.

Mr. Coulson describes a big spread of limestones and associated

calcic rocks in the south-eastern area of Sirohi State, Rajputana.

Limestone and
varieties will only be utilizablc

Marble, Sirohi State; when the present difficulty and cost of trans-
Rajputana. have been successfully dealt with.

Mr. Coulson noted a white marble at Ghoratanla’i (24'' 22' 30"

:

72° 54') on the border of Sirohi State with Danta State. This

rock has been quarried in the past as a building-stone and takes a

good polish. The amomit, however, is limited and the rock is very

variable in texture and quality
;

furthermore the deposit is some

12 miles from the nearest railway station (Abu Road) and means

of communication are very poor. An analysis showed the rock to

have KMG per cent, of insoluble residue and 70 per cent, of MgO.

Mr. Coulson noticed a white saccharoidal marble* in the vicinity

of Perwa and Serwa (21° 37': 72° 36') where it is quarried for use

as a building-stone and to a lesser extent for lime. A sample

from Perwa gave 8*52 per cent, of insoluble residue and 0*91 per

cent, of MgO. The rock is not a good biulding-stone but occa-

sionally blocks up to 8 feet long and 1^ feet across arc quarried
; most

of the stone goes to Sirohi City, some 23 miles to the north-east.
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Two outcrops of a white saccharoidal maible, separated by mica-

schists, were found by Mr. Coulson at Piloti (24° 32' : 72° 28') in

Sirohi State. This is burnt for lime
;

it is useless as a building-

stone on account of the absence of well-defined joints, but takes a

good polish. An analysis showed it to contain 3-47 per cent, of MgO
and 3‘96 per cent, of insoluble residue. What is probably the

same rock is found at Maraichi (24° 31'
:

72° 30'), in three iso-

lated outcrops to the south-west of Godwara (24° 33'
:
72° 27' 30")

and to the north-west of Bhilra C (24° 32'
:
72° 27' 30").

Clay (See Building Materials).

Coal.

Mr. B. B. Gupta reports that outcrops of coal were seen in the

Yaw rocks in two localities, one of them half-a-mile north-north-west

Lower Chindwln dU-
Goonyibm Sakan (22° 15' 30," 94° 36') on

trict, Burma. the Goonyibin Petpetin-road, the other in the

Kyochin Chaung, about two furlongs north-east of Kyochin. In

Mr. Gupta’s opinion these beds are of no economic value.

Some worthless vertical seams of carbonaceous shale, with strings

of coal, were found in gypsiferous shales interbedded in the Lower

. . .
Nummulitic limestones near Sure village about

Attoc district . un a
. ^ yf g yf Qf Campbellpur in the Attock

district of the Punjab. The greatest thickness of the carbonaceous

shale and impure coal is 2^ feet.

Copper.

Mr. V. P. Sondhi records the occurrence of veins and impregna-

tions of malachite and chalcanthite in the volcanic tuffs and agglo

merate of Hill “ 937 ”, wegft of Monywa. The

trlc^N^^urma!”^^*”
deposit was opened up by Messrs. Jamal Bro-

thers but the workings have been abandoned.

The occurrence is about four miles north-west of, and similar to,

that described in the General Report for 1926 {Records, Geol, Surv^

fnd., Vol. LX, pp. 27-28).
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Engineering and Allied Questions.

Mr. P. Leicester was deputed to accompany the Rangoon Hydro-

Electric Survey Party to report on the dam sites, reservoir areas,

Rangoon Hydro-Elec- tunnel lines, etc. of the Lewa-Pyagawpu area

trie & Water Supply of the Rangoon Water Supply and Hydro-

laiween l^l^ctric Scheme. The country traversed lies

Burma. within the Survey of India one-inch-to-the-

mile sheets, Nos. 94 B/16, 94 F/3 and 94F/4, in the Toungoo and

Salween districts.

The northern part of the area was examined and reported on

favourably by Mr. E. L. G. Clegg in 1922, but the scheme has under-

gone some considerable revision since then and the Yunzalin Dam
which gave the name ‘ Yunzalin Scheme ’ to the Project is not

under consideration at the present.

Several alternative schemes were investigated by the Survey

Party. The works involved may be included under the following

heads :

—

(1) Pyagawpu Reservoir Area with :

—

Thelaw Klo main dam site.

Spillway into the Thelaw Kdo.

Kailaw Klo stop-gap dam site.

Bilin stop-gap dam site.

(2) Upper Shwegyin Chaung Reservoir Area with :

—

Alternative dam sites.

The low saddle spillway.

(3) Lower Shwegyin Chaung Reservoir Area with :

—

Two alternative dam sites.

(4) Tunnel Lines :

—

Upper Shwegyin Chaung Reservoir to Kwila with :

—

Upper and Lower Syphon luics at Pokodo Auk.

Branch from (1) to the Power Plant site above the Lower

Shwegyin Chaung Reservoir near the junction of the

Malaw Kdo with the Shwegyin Chaung.

Lower Shwegyin Chaung Reservoir (Malaw Klo) to north-

east of Lewa.

Pyagawpu Reservoir to the Power Plant site in the Kailaw

Klo VaUey.
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(5) Penstock Lines and Power Plant Sites :

—

Alternative sites at Kwila.

North-west of Lewa.

In the Kailaw Klo Valley.

To summarise briefly the scheme as outlined by the Engineers,

it is proposed to impound the waters of the Thelaw Klo and its

tributaries by means of a main dam to the east of Pyagawpu and the

Kailaw Klo and Bilin stop-gap dams. The water from this

reservoir will be carried through a tunnel into the Kailaw Klo
to join the waters of the Tiplu Law and the Kano Law and their

tributaries, which will be impounded by means of the Upper Shweg-

yin Chaung Dam. Hence it is proposed to carry the water in a

tunnel to the neighbourhood of Lewa and Kwila
;

afte^* passing

through a power plant and then through filter-beds, the water

will be carried to Rangoon by a pipe line about 125 miles in length.

It is also proposed to erect a power plant in the Kailaw Klo valle}^

to receive the water passing through the tunnel from the Pyagaw
2>u

reservoir before it is finally discharged into the Kailaw Klo.

The Lower Shwegyin Chaung Dam comes under the heading of

a separate scheme for the supply of electricity alone.

The rocks exposed within the area . in order of tjieir respective

ages are :

—

(4) Alluvium,

(3) Plateau Limestone,

(2) Granite, etc.—intruded into (1),

(1) Chaung Magyi series.

The older gneisses described by Mr. Clegg as occurring farther

north are not met with in this area.

(1) The Chaung Magyi series, as identified by Mr. Clegg, is

represented by quartzitic slates, shaly slates and quartzites. All

grades from a dark blue, cleaved though broken slate to a hard, light

coloured quartzite are seen.

In the northern part of the area a general strike N.-by-W.

to S.-by-E. is maintained, and the dip varies in direction and

amount. The series has been folded along axes running approxi-

mately N.-S. The Pyagawpu valley shows a westerly dip on the

west and an easterly dip on the east and appears to be an eroded

anticline. The contact-altered quartzitic rocks bordering the granite
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in the south-western part of the area are jointed but have revealed

no trace of their original strike and dip.

Near the granite contact the series is very highly metamorphosed.

Near the junction of the Kano Law with the Shwegyin ( haung

the slates are converted into schists and schistose slates, while,

farther west towards Pokodo Auk, the metamorphism has been of a

complex and severe nature.

In the Shwegyin Chaung below hill, “ 3,076 ” and about one mile

south-east of Pokodo Auk, there are excellent exposures of gneissie

quartzite and quartz schist. The gneissie quartzite has irregular

crystals of quartz scattered in a groundmass of smaller quartz

crystals and a little accessory felspar. Nests of pale brown biotite,

chlorite and a little magnetite occur. The quartz schist has elong-

ated quartz crystals showing strain, ranged in bands with interstitial

chlorite and a little magnetite.

Passing northwards the rocks vary considerably but are what

would be expected within the mctamorphic aureole where a series

of sandstones and quartzites, with interbedded shale, has b(‘en in-

trud(*d by granite. They com
2
)rise : siliceous hornfcls, fcLspathit

horntels (/ej)tyuite), felspathic granulite, felsite, highly metamor-

phosed quartzite with pyrites and highly altered shale or slate.

The whole is intruded by veins of quartz, aplite and some basic

rock which has been con\erted into amphibolite.

From north-east of Lewa to the junction of the Kano Law vith

the Shwegyin Chaung granite is traversed and the Chaung Magyi

series, into which the granite has been intruded, lies to the north.

About a mile to the south-east of Pokodo Auk the Chaung Magyis

descend into and cross the Shwegyin Chaung, south of hill “ 3,076”;

passing northwards across the slate series to Pyagawpu the granite

reappears to the east and north-east of the Pyagawpu valley and

the rounded radiating spurs of the granite hills contrast with the

parallel ridges of the Chaimg Magyis.

The granite occurs as fine and medium grained boitite-granitc

which may jxissibly represent two stages ot intrusion. Associated

with the granite are veins of quartz and aplite and dykes of

dolerite and honiblende-granophvre With pyrites and haematite.

The Plateau Limestone, which is believed to be of Permo-Carboni-

ferous age, occurs as small outliers resting upon the (^haung Magyi

series. The rock varies from grey to blue and white crystalline

limestone, veined with calcite, and occurs as jagged peaks with pro-
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cipitonfl tufa-covered slopes. The occurrences mapped by Mr. Lei-

cester are :

—

(a) Either side of the Kailaw Klo, three miles due south of

Pyagawpu.

(b) A small outlier in the Kailaw Klo valley south of (a)

(c) On the left bank of the Tiplu Law near its junction with

the Shwegyin Chaung.

(d) In the bed of the Thelaw Klo at Pyagawpu.

There appear to have been two phases in the deposition of the

Alluvium in the area traversed. The earlier alluvium is found to

compose the low flat ridges in the valleys, and consists of gravel

and sand capped by a thick layer of soil. The more recent allu-

vium is capped either by light brown earthy alluvial clay or sandy

soil with layers of sand and gravel of a very much fresher and purer

nature than that found on the higher ground.

The proposed tunnel lines including the various alternative

routes may beat be referred to under the following heads :

—

(1) Upper Shwegyin Chaimg Reservoir to Kwila with ;

—

(6) iK^^r }
Lines at Pikodo Auk.

(2) Branch from (1) to the Power Plant Site above the Lower

Shwegyin Chaung Reservoir near the junction of the

Malaw Klo with the Shwegyin Chaung.

(3) Lower Shwegyin Chaung Reservoir to north-west of Lewa.

(4) Pyagawpu Reservoir to Power Plant Site in the Kailaw

Klo Valley.

The tunnel lines were geologically examined with a view to as-

certaining (a) the stability and immunity from falls and (6) the

immunity from loss of water through leakage of the proposed tunnels.

(a) The tunnels, Nos. 1, 2 and 3, pass through granite except for

about one mile of metamorphosed quartzitic rocks, belonging to

the Chaung Magyi series, which are crossed by tunnels Nos. 1 and 2

near Pokodo Auk (97° 1' IS'"
;

18° 14' 32"). The granite is stable

and the joints generally cross the tunnel lines obliquely.

The jointing in both • granite and the quartzite at the Upper

Syphon Line is extensive, and Mr. Leicester considers that the

tunnel should be lined as a protection against falls and leakage for

at least 100 feet on either side of each crossing. Two streams

are crossed and tiiis necessitates a total length of lining of 400 feet.
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TAe t’jnnels should also be lined where they pass into the decomposed

rock overhead, which they are likely to do if they pass less than 50

feet below the surface.

If the tunnel, No. 2, to the Lower Shwegyin Dam Power Plant

(Malaw Klo) pass through the nairrow point on the ridge (97° 0'
;

18° 13' 20'') the hillsides should be drained to prevent slips and

further erosion by the temporary streams that are formed during th'3

height of the rainy season.

(6) In the solid granite there should be practically no loss of

water through leakage as most of the joints visible at the surface

will be closed at the depth of the tunnel. Any open joints met

with, however, together with the margins of quartz veins and faults,

must be well grouted.

As already mentioned the tunnel at the Upper Syphon Line near

Pokodo Auk should be lined on account of the number and character

of the joints in both the granite and the quartzitic rocks which might

give rise to falls. These joints which are open cracks in the rock,

would, in Mr. Leicester’s opinion, allow a great quantity of water

to escape if the tunnel were not lined.

The assemblage of contact rocks grouped under the heading of

quartzites and gneiss are hard ;
some, such as the siliceous hornfels,

will not be easy to excavate. They are stable and impermeable,

but a number of open joints may be expected and these should be

well grouted to prevent loss of water through leakage.

The decomposed granite of the district probably extends to

an average depth of 30 feet below the surface. It is porous and,

where the tunnel passes into it, will require lining. This is parti-

cularly necessary where the tunnels enter and leave the ground,

A loss of head ' on account of the friction caused by the rough

surface of the granite is anticipated.

Timnel No. 4, from Pyagawpu Reservoir to the Power Plant

Site in the Kailaw Klo valley, is 6,100 feet in length, has a direction

N. 26° E.—S. 26° W., and passes through a ridge of shaly slate

which has a general direction N. 20° W.—S. 20° E. The strike

of the shaly slate is N. 15° W.—S. 16° E. The dip was nowhere

visible, but it is presumed to be westerly in agreement with the dip

of the slates in the same ridge further to the north.

The ideal section would be one in which the direction of the tunnel

line were at right angles to the strike of the rock. In the present

case the tunnel line crosses the strike obliquely at an angle

D
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of 41° which should be sufficiently large for the stability of the

tunnel.

Mr. Leicester lemarks that there should be no necessity of lining for

the prevention of falls in the hard slate, but where the rock is decom-

posed or soft, at the entrance and exit, the tunnel will need lining.

The tunnel should have a circular outline and the walls should be

made as smooth as possible to prevent the water under pressure

from pressing into the cleavage planes of the slate and tearing o£E

small angular fragments. It is presumed that the water passing

through the tunnel will not carry large quantities of silt coarser than

0*2 mm. in diameter.

The tunnel should be satisfactory and safe from falls under a

head of 60 feet as required. The rock is impermeable and there

should be no fear of loss of water through leakage.

The rock at the Upper Shwegyin Ohaung dam site is a medium
grained biotite-granite traversed by dykes of hornblende granophyre

and occasional quartz veins. The general direction of the joints

is parallel to the direction of the dam line. About half-a-mile to

the north and north-west slates overlie the granite
;

these are

the slate facies of the series of quartzites and slates mentioned by

Mr. Clegg in his report as probably belonging to the Chaung Magyi

series.

Most of the granite at the dam-site is decomposed to consider-

able depths, and trial pits along the main dam line on the right bank

reveal solid gi-anite between 18 and 33 feet. On the left bank,

which is particularly unpromising, no solid rock has been reached.

The slope, unlike that on the right bank, is backed by a very steep

ridge rising to a height of 4,000 feet above sea level. The lower

slopes are partly composed of scree, and the granite has been greatly

decomposed by the water collected on the ridge behind. It seems

that all this water does not reach the main chaung by streams but

soaks into the hillside which forms the left bank of the Shwegyin

Chaung at the dam site. The decomposed granite is porous and,

owing to its sandy nature, is liable to be washed down by running

water except where is thickly covered with vegetation.

The uniform nature and extent of the decomposed granite renders

it comparatively immune from slips, the only danger being that

of the washing away of the loose material near the surface. The

decomposed rock on the right bank is more compact and therefore

more stable. The groimd above the dam on either side should
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be drained as far as possible in order to minimise further decom-

position and prevent water from soaking into the dam from the side.

From a geological point of view Mr. Leceister considers the line

to be unfavourable. The construction of a dam upon debris and

semi-porous granite is objectionable, and to reach solid rock the founda-

tions on thel eft bank would have to be sunk to a considerable depth.

The alternative line, across from the small stream-course on

the right bank above the main dam lines to the stream-course on

the left bank, reveals bare rock throughout nearly the whole length.

The granite in the small stream-course on the right bank is a little

crushed and one or two porous fractures are visible. If, however,

the foundations of the centre wall of the dam are sunk well into

the rock there should be no trouble from leakage. This line has

the disadvantage of necessitating a long and irregular dam. In

the case of a line from the stream-course on the right bank straight

across to the rising ground on the left bank, although there is con-

siderable saving in length of the dam, the rock on the left bank

at this point is little better than that on the same side at the main

dam line.

On the right bank the depth at which sound rock will be found

is known. It is revealed by the pits on the main dam line. It

seems that the best line would be one from the stream-course on

the left bank across to the hillsides on the right bank.

The bed of the Upp(‘T Shwegyin Chaung Reservoir, from the dam
line up to Longitude 97° b' 30" and up to the Kano Law Jth mile

from its junction with the Shwegyin Chaung, is composed of granite.

Slate occurs from Longitude 97° G' 30" up the Shwegyin Chaung to

the junction with the Tiplu Law. The rock up the Kano Law is slate,

and slate forms the bed of the Kailaw Klo within the Reservoir

area except for some limestone just north of the meeting of the

Tiplu Law with the Shwegyin Chaung. This limestone is younger

than the slate and overlies it. It should not be the cause of any

leakage.

Mr. Leicester reports that both the granite and. the slate arc*

impermeable and are highly suitable for the floor of a reservoir.

The Tiplu Law flows on graiute and through alluvium resting

on the granite, but near the village of Kawlcido (between Labs.

18° 16' 6" and 18° 15' 20") on the right bank of the stream, is a

hill of limestone ; this is apparently outside the reservoir area

since the 2,000-foot contour is much lower down stream than is
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shown on the one-inch map. Field evidence is slight but even

if the water were to come up as far as this point it is unlikely that

any considerable quantity would be carried out of the catchment

area.

The banks of the reservoir are stable except at the end of the

ridge on the right bank of the Shwegyin Ohaung about one furlong

north of the main dam line overlooking the stretch of alluvium

through which the chaung meanders. Here slips had occurred

and further slips may be expected, but these, it is thought, will be

small and will not have any serious effect on the reservoir. The

decomposed granite which forms the banks of the reservoir as far

as the Kano Law is liable to be washed into the reservoir causing a

certain amount of silting up if the vegetation here be not encou-

raged to grow down to the water level.

The trial pit on the low saddle passes through sandy and argil-

laceous decomposed granite and reaches a depth of 25^ feou with-

out striking solid rock. The argillaceous decomposed granite is

impermeable or nearly so, but the sandy decomposed granite is

porous, if an impermeable wall were made with its foundation

in the clayey decomposed granite, there should be no loss of water

through leakage, but the comparatively soft rook will give slightly

under any great weight It is difficult to say at what depth solid

rook would be found if required. It should not be expected at a

lesser depth than 50 feet.

For the Lower Shwegyin Chaung dam there are two alternative

sites both of which are situated on fine-grained biotite-granite.

On the upper line sound rook is exposed on the left bank but the

right bank is composed of alluvium and talus with large boulders

of granite resting on the granite. The dam foundations will of

course have to be carried down through the superficial deposits

which appear to be about 30 feet in thickness.

On the lower alternative dam line good medium to fine-grained

biotite-granite is exposed on the right bank and on the left bank

is the steep slope of a granite hill on which outcrops of granite are

visible, there being but little decomposition of the rook. A large

bed of boulders occurs in mid-stream.

, The Lower Shwegyin Chaung Reservoir Area lies entirely on

granite which is covered in places by talus with large boulders and
alluvium. The granite is not highly jointed and although the

joints cross the direction of the dam line obliquely, since they
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are not open cracks, no water is likely to be carried from the

reservoir.

The new Thelaw Klo dam line is farther down stream than the

line examined by Mr. E. L. G. Clegg in 1922, being about | mile N. E.

of the V-shaped bend in the Thelaw Klo, S.E. of Pyagawpu
(97° 7' 4"'

;
18° 20' 6"). Outcrops of solid slate occur on either bank

of the stream, the slopes of the valley are steep and stable and the

hillsides are covered with trees and undergrowth. Trial pits on

either slope have reached solid or nearly solid slate at reasonable

depths. Though solid unaltered slate has not been reached in

every case the rock met with is firm and impermeable and capable

of bearing considerable weight. The weathered slate makea a

good impermeable clay. This, Mr. Leicester reports, is an ideal

site for sn earthern dam and should be satisfactory for a masonry

dam provided with suitable foundations.

The site for a spillway into the Thelaw Klo is in a col situated

1,700 feet S. E., of the Thelaw Klo dam site. The trial pits which

have been sunk along the line show soil and residual clay overlying

decomposed slate on either side, and the centre pit which has been

sunk to a depth of over 40 feet passes through brown residual clay.

The rock is impermeable and the slopes of the valley are stable.

The site is geologically satisfactory.

The site selected for the KaiUiw Klo stop-gap dam is situated

not so close to the divide as that previously inspected by Mr. Clegg.

The rock here is slate with a strike N. 22° W.—S. 22° E., and a

vertical dip. Tie trial pits like those at the spillway reveal clay

and decomposed slate. The sides of the valley are stable and the

clay and decomposed slate are impermeable. The site is satis-

factory.

The new site selected for the Bilin stop-gap dam is farther to

the south than that previously examined by Mr. Clegg. It is

situated about J mile N. W. of the point where the Bilin Chaung

reverses its direction from a northerly to a souther^ route, about

2^ miles S.E. by S., of Pyagawpu village. Trial pits show a

capping of soil followed by alluvial clay with interbedded gravel

resting upon the residual clay of the slate series beneath. To
the south there is a sudden drop of 75 feet to the Bilin Chaung

beneath, exposing a cliff face of slate capped by alluvial clay with

interbedded gravel. It is here that the Bilin Chaung changes its

direction from N.W. to S.E. by S. It appears that the upper
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waters of the Bilin Chaung did not originally belong to that stream

but flowed northwards into the Thelaw Klo along the now prac-

tically dry alluvium-covered valley in which the proposed dam site

is situated. The Bilin Chaung must, in cutting its way back,

have captured the upper waters of the former stream. It has

since gone on cutting its way downwards through the alluvium

and the underlying slates until at the bend it is now 76 feet below

the valley of the former stream.

The trial pits appear to have passed through the alluvium and

reached residual clay and, as the dam site is sis much as 1,000 feet

from the cliff face, there should be no fear of leakage of water through

layers of gravel. The country rock is shaly-slate, the hillsides

sire stable and the clay met with impermeable, so that the site is

satisfactory geologically.

The Pyagawpu reservoir area is contained in a long and brosid

valley, the northern portion of which runs N.—S. and the souther

portion N.N.W,—S.S.E. The Thelaw Klo meanders through this

valley in a general westerly direction and is met by the Pole Law
from the north and by a seasonal stream from the Bilin gap in

the south.

The floor of the valley is covered by thick and fertile alluvium

and the hills on either side consist of slate with a general N.-by-W.

strike. The dip is steep and sometimes vertical
; in general it

js inclined steeply to the west on the western side of the valley and

to the east on the eastern, thus indicating that the Pyagawpu valley

is probably a denuded anticline, with its axis running N.-by-W. to

S.-by-E.

In the centre of the valley blue and white limestone crops out

in the bed of the Thelaw Klo, This limestone, like that in the

Kailaw Klo valley and the limestone described by Mr. Clegg in

his report on this area in 1922, would appear to be an outlier of the

Plateau Limestone which originally covered the area. The lime-

stone is situated completely within the reservoir area and, being

younger than and lying on the top of the slates of the Chaung Magyi

series, it cannot be the cause of any leakage.

Mr. Leicester finds that both the floor and the walls of the im-

pounding area are impermeable. The alluvium is mainly argilla-

ceous and only slightly arenaceous and the foundations of the dams
will in any event be carried down to the impermeable slate series

so that n£) leakage need be anticipated.
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The slate series also forms the walls of the impounding area.

The dip is outward but, as the series is quite impermeable and there is

no trace of faulting, the rocks should prove quite water-tight.

The hill-sides are stable and not liable to falls with the excep-

tion of small unimportant earth slips which may occur on the west

side of the valley just north of the site for the intake of the tunnel

to the Kailaw Klo power plant. The reservoir area is reported

as geologically satisfactory.

The Power Plant sites and Penstock lines examined were in

every case satisfactory geologically. The Penstock lines, except-

ing the line in the Kailaw Klo valley, descend steep granite spurs

covered by large granite boulders which appear to be firm and are

not likely to fall except in the event of an earthquake of exceptional

severity.

'ihe line to the Power Plant Site in the Kailaw Klo valley

descends a hill-side of slate which is stable and not prone to slips.

The power plant site is situated on firm limestone near the left

bank of the Kailaw Klo.

The Lewa-Pyagawpu area displays the most striking changes

brought about by chemical decay or decomposition. Humic acids

appear to be responsible for very considerable rotting of the rock.

Mr. Leicester notes that, from a study of the trial pits sunk on the

Upper Shwegyin Chaung and Thelaw Klo dam-sites, one cannot

but notice the great depth to which the rock is decomposed on the

thickly wooded hill sides, and the comparatively fresh condition of

the rock in and near the banks of the streams where the ground is

well drained and the rock washed by the comparatively fresh water

of the streams.

It has been observed that though the trial pits sunk in the course

of the work carried out by the Consulting Engineer^ in the Lewa-

Pyagawpu areas originally reached solid rock, in many cases the

rock at the bottom of the pits was found to have become soft after

a short time. This is undoubtedly the result of the action of humic

acid carried by percolating water. It appears, therefore, that in

order to preserve the rock from decomposition it is necessary either

to remove the vegetation which is the source of the acids or to design

a system of drains which will prevent the acid surface water from

coming into contact with works such as the shoulders of dams and

the entrances and exits of tunnels. In the hot and very damp
jungle of the reservoir area dense undergrowth springs up in a very
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short time so that to keep the hill-slopes perpetually cleared would

involve considerable labour and heavy maintenance charges. Mr.

Leicester agrees with Mr. E. J. Bradshaw that in practice it will

be foimd best to effect a compromise between the two methods

Owing to the decomposed state of the surface rock the dams

will necessarily have to be carried well into the hill-sides until solid

impermeable rock is reached. The hill-sides above the engineer-

ing works should be very thoroughly drained in order, as far as

possible, to divert the surface water from the works.

Besides the drainage system the groxmd in the immediate vici-

nity of the shoulders of dams and similar works should be kept strip-

ped of all vegetation
;

in addition the ground at the entrances and

exits of tunnels should be protected with concrete.

Before the reservoir is filled the basin should be cleared of weeds

to prevent pollution of the water by a mass of decaying vegetation.

On the 6th August, 1926, a disastrous land-slide occurred in

the Waller Gorge, near Tiger Camp of the Bawdwin Mines, Upper

LandsUptn the Waller
Burma, carrying away several houses and

Qorfe, Bawdwin Mineg, causing fatal injuries to forty-five persons.
Namtn, Burma.

response to a request from the Chief

Inspector of Mines to the Geological Survey of India for advice as

to the cause of the slip and the avoidance of similar accidents in the

future, Dr. J. Coggin Brown was deputed to examine the ground

in the month of March, 1927.

Waller Gk)rge contains the coolie quarter of Tiger Camp and is

a narrow V-shaped valley formed by a small tributary of the Nam
Pang Yun, the affected portion being close to its junction with

the parent stream, and lying entirely within a group of rocks to

which Dr. Coggin Brown gave the name “ Pang Yun Beds ” in

1914. These strata are in absolute conformity with the fossili-

ferous Lower Naungkangyis of Ordovician age above them, and

pass without a stratigraphical break of any consequence into the

Bawdwin tuffs and rhyolites below. They are quite unfossili-

ferous and their age is either Lower Ordovician or Cambrian.

Quartzites, shales and slates of various kinds are the prevailing

rock types with the former predominating in the vicinity of Tiger

Camp. Owing to the proximity oi the great overthrust fault of

Bawdwin the quartzites are often broken up into small cleavage

fragments, and there is other evidence of the severe shearing stresses

to wluch the .roo|cs have been subjected,
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As a consequence of the steep easterly dip the eastern side of

Waller Gorge foims a high scarp in which the broken edges of the

Pang Yun quartzites are visible. On the western side of the gorge

the smooth stratification planes of the quartzite can be seen dipping

at high angles into the valley below. Where the dip is not too

steep, the rock is covered by a variable thickness of light sandy

soil, full of small fragments of quartzite. When the steep dip

is taken into consideration, it is remarkable that these accumula-

tions of debris can remain for long in the position they occupy,

for there is little cohesion in the material itself. The surface

covering the grass and vegetation doubtless acts as a protective

agency in this respect.

The rainfall throughout Burma in August, 1926, was phenomenal

and unprecedented. On the 14th, 16th and 16th a record

total of eight-and-a-half inches fell at Bawdwin Mine. After

a careful examination of the site Dr. Coggin Brown came to the

decision that water was the chief cause of the disaster, which he

describes as a true soil-cap slip commencing possibly as a creep

—

the usual sequence of events in movements of this kind. He
points out the necessity of distinguishing carefully between such

soil-cap slips and true rock slides. In the case under consideration

there was no movement of the underl5dng rock.

Weathered rock debris such as has been described above ab-

sorbs rain-water easily
;
the greater part of the water remains in

the decomposed layer and, flowing along between its lower surface

and the underlying quartzite, finally issues as springs at the bottom.

The presence of large quantities of water in such material makes
it more mobile, the springs commence to erode the “ toe,’’ and the

coeflScient of friction is reduced until the mass is in a state of un-

stable equilibrium. A heavier burst of rain completes the cycle

;

gravity asserts itself and the whole sodden mass slips down the

slope, gathering velocity as it does so, imtil, like a flood from a
breached dam, it sweeps all before its path. In the case under
consideration about 160 feet of railway line, with sleepers complete,

were carried away and seem to have exerted a |dough-like action

which accentuated the general destruction.

As a general rule the dips are inwards, towards the valley, and
vary from about 46° to 76°; in exceptional cases the rocks are ver-

tical, and there is some variation due to rolling and to the proximity

of the overthrust. The dip is thus higher than the angle of slope
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of the sides of the ravine. P^irticularly noticeable are the big

expanses of smooth, almost polished surfaces of the stratification

planes of the quartzites where the covering has been removed.

Dr. Coggin Brown could find no evidence of any particular zone

of shattering. He noticed that north of the slip the sides of the

ravine are less steep and appear to have flattened to the angle of

repose. The present slip appeared to him to be but a small incident

in the host of similar events which took place on the hills around,

many of them on a much larger scale.

Hill-sides formed by steep dip slopes and covered with porous

soil caps cannot be regarded as stable in rainy weather in this re-

gion. At the best of times they are insecure
; during torrential

rains they become dangerous, particularly if a stream is eroding the

foot of the slope. The hills around are undergoing active denu-

dation and are changing their shapes and contours as quickly as

natural agencies can accelerate the process. Phenomenal varia-

tions in the sub-aerial conditions to which such unstable systems

are exposed must result in unusual consequences. The Waller

Gorge slip was one of these.

In Dr. Coggin Brown’s opinion drainage as a treatment for the

case is rendered impossible by the local conditions at Waller Gorge

and he suggests that dwellings which are in perilous situations

should be moved to safer locations. He considers it unlikely

that the present slip will ej'tend, though a certain amount of loose

material will be washed down during succeeding rainy seasons.

To the north the ground is safer by reason of its lower inclination,

while to the south a solid rock “ too is exposed for some little

distance down the line. As a precautionary measure Dr. Coggin

Browm recommends the removal of the two barracks which at

present occupy sites near the southern lower edge of the slip.

A scheme for the generation of electrical energy at the edge of

the Cardamom Hills, in the Tinnevelly district, is imder consider-

Papanasam Hydro-
Electric Project, Tinne-

velly dUtrIct ;
Madras.

ation by the Madras Government and Mr.

W. D. West was deputed to examine the

geological aspects of the scheme. Power is re-

quired chiefly for the establishment of paper mills near Papanasam.

For this purpose it is proposed to conserve the waters of the Tambra-

pami river where it emerges from the hills by two reservoirs. The

main reservoir will require a long and rather costly dam. It is

more economical, therefore, to divide up the area into two parts
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and to conserve the waters of the higher streams by a second rescr

voir further up the valley, for which a shorter and cheaper dam

will suffice. This will enable the main dam to be kept as low as

possible, and will at the same time utilise the whole of the catch-

ment area.

The lower of these reservoirs will occupy the ground above and

below Mundanthurai (77° 21' :
8° 41'), the suggested dam site

being the narrow ridge of rock that cuts the main road about half-

way between the second and third milestones. The dam site of

the upper reservoir is situated a little south of the eighth milestone,

where the river passes through a narrow gorge shortly after its

junction with the Kari Ar.

As regards the lower dam site, its full height at the deepest

point will be about 117 feet, and the length of the main deep por-

tion about 3,000 feet. The rocks of this district are coarse-grained,

gneissose biotite granites, rich in pink garnets. They strike

W. 30^ N.—E. 30° S., i.e. approximately parallel to the length of the

dam. Mr. West reports that the rock is sound, but well jointed. The

joints, though open at the surface, will probably be found to be fairly

tight in depth, though trouble may be encountered locally. One
or two pits have been dug along the site, and examination of them
shows that the site is quite practicable. There is also a suitable

saddle for the discharge of surplus water. The (juestion of cost,

however, is an important one in a scheme of this kind. As the

rock is the same throughout the site, it is suggested that two deep

trenches be dug right across it, rather than a number of small ones

along the whole length. It is thought that the information ob-

tained from these should be sufficient to enable the cost of the whole

scheme to be estimated fairly closely. The local stone should be
suitable for construction.

The dam for the upper reservoir will have to be about 185 feet

high and about 850 feet long. This site also is paraljel to the strike,

and is located at a point where the valley narrows considerably,

the constriction being due to a bed of charnoekite which has been
intruded along the strike of the country rock. The latter is mainly
an acid gneiss and has a rather pronounced bedding which
dips down-stream at about 25°, so that the charnoekite outcrop
is V-shaped, j)ointing down-stream a little obliquely. It thus comes
about that the left flank will be entirely in charnoekite, while the right

flank will be partly in charnoekite (the lower two-thirds) and
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partly on the acid gneiss. It is not anticipated that the junction

of the two rocks will be a source of danger, and the site as a

whole was considered by Mr. West to be very satisfactory.

The Pinjikave Hydro-Electric Project is located in the Palni

hills, 10 to 20 miles west of the hill-station of Kodaikanal. The

Pinjikave Hydro-Elec-
power obtained is likely to be used for the

trie Project. Palni Hills, electrification of the railway in the Madura
Madura district; Madras,

pj-^ject includes a number of

schemes, all of which, however, are not absolutely necessary for

its success. The examination of the geological side of th(ise schemes

also was entrusted to Mr. W. D. West.

About 10 miles west of Kodaikanal a small reservoir is already

in existence. This is situated on a low watershed, separating

the streams with a N.W. trend from those flowing to the S. and S.E.

The main idea is to impound the waters of the north-westeil^

-

flowing streams by four dams, and to convey the water by a

flume channel and a tunnel to the northern edge of the hills, where

a fall of about 2 750 feet can be obtained. The four reservoirs

are named : the Upper Koniar, the Lower Koniar, the Kodiye-

tanar and the Pulavachiar.

There is an alternative scheme by which the waters collected

by the Upper Koniar dam can be conveyed into the existing reser-

voir, and thence by a channel for about a mile to the south-east

of Berijam, where a fall of about 5,000 feet can be utilised.

The rocks throughout the district are nearly everywhere char-

nockite. The Lower Koniar dam site is the only exception. This

rock has peculiar weathering properties, which have become empha-

sised by the very long period to which these hills have been sub-

jected to denudation. When fresh it is a perfectly sound

granite-like rock, usually well jointed. It is, however, sometimes

found weathered very deeply, the weathering proceeding along the

joints, so that cubical masses of fresh rock are left surrounded

by completely decomposed rock. Mr. West remarks that it is

thus not easy to predict from an examination of the surface of the

ground the nature of the rock beneath.

The Upper Koniar dam site is situated at the end of a remark-

ably good reservoir site. Above the dam site the Koniar meanders

through a wide, flat, alluvial valley, which is ideal for the formation

of a reservoir. The construction of a dam here is, therefore, much

to be desired. The dam will have to be about 70 feet high.
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The rocks here, while apparentlji^ all chamockite, show a rather

conspicuous bedding, striking along the stream and with a steep

dip into the left flank. While the left flank of this site seems

quite satisfactory, on the right flank the rock is deeply weathered and

not at all suitable. There is a possibility of a better site further

down-stream, but nothing definite can be said until excavations

have been made.

The waters of this reservoir can either be used to supplement

the waters of the other three reservoirs, or they can be used sepa-

rately and conveyed into the existing reservoir at Berijam, and

thence to the south-east to the head of the pipe-line. For the

latter purpose it would be necessary to convey the water from the

south-east end of the Berijam reservoir either by an open flume

channel or by pipes. Information was required as to the possi-

bilities of either method, for the course to be followed has been

the scene of several landslips. Examination of the ground shows

that landslips have occurred in the material formed by the disinte-

gration of a banded gneiss. This process has proceeded very

completely, forming a soft, bright red, powdery substance contain-

ing patches of kaolin. It is this material which has sbpped, not

the fresh rock. Mr. West, however, finds it impossible, to predict the

depth at which solid rock may be found at any particular point.

In the circumstances the alternative possibility of putting down
a pipe-line would seem to be the only course, should it be desired

to proceed with the scheme. This would of course be equally

subject to the ill-eSects of the slipping, but would have the ad-

vantage that it could be repaired more rapidly than an open flume

channel, provided spare pipes were kept on the spot.

The Lower Koniar dam site is situated just below where the

Kavinge-Kodaikanal road crosses the Talaivarai Ar. The dam is

to be about 150 feet high and 800 feet long. This is the only dam
site in this project that is not located entirely on chamockite.

The rocks vary considerably, but they consist in the mam of biolite-

gneiss and chamockite, the latter varying from^ a very coarse sili-

ceous variety to a fine-grained basic type. The strike of the rocks

is parallel to the stream. The pits that have been dug indicate

that, while the construction of a dam at this site is by no means im-

practicable, it is clear that it cannot be done cheaply. On
neither flank does there seem to be any chance of finding solid

rock up to the level of the top of the dam^ however far one exca-
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vated into the hill-sides. It is pcwssible that the difficulties could

be overcome by building only the central part of the dam to the

full width, and extending the narrower flanks of the dam into the

hill as a concrete core, founded on solid rock, but not necessarily

ending against it. The suitability of this site for a dam really

resolves itself into the question as to whether the enhanced cost

of a dam on such a site is worth while.

The Kodiyetanar dam site crosses the Kodiyetan Ar close to the

road to Kodaikanal. The site consists ot two rather rounded hills,

covered mainly with grass, but with rounded outcrops of rock scat-

tered about here and there. A very complete series of pits supplies

all the information required. The height of the dam is to be 16’) feet.

This area was once all massive charnockite.

It is now almost completely disintegrated
;

and the misleading

outcrops of rock seen scattered over the surface of the hills are

really relics of the once fresh rock left in a mass of soft earthy ma-

terial, the disintegration being nearly complete. Mr. West re-

ports that it is quite clear that any kind of large masonry dam is

quite impracticable at such a site, and the scheme must evidently

be abandoned, for there seems to be no better site.

The Pulavachiar dam site is situated a little way above where

the Vandaravu path crosses the Pulavachi Ar. The stream here

follows a fairly straight course through a narrow valley, the high

and fairly steep sides of which appear to provide an excellent site

for a dam, which is to be about 180 feet high. The rock is char-

nockite, and owing to the steepness of the ground seems to bo

quite fresh and sound. The site is a good one for a gravity dam,

while there are also possibilities for an arched dam, the cost of

which would be much less.

After the waters of these four reservoirs have been collected

together, they have to be conveyed about three miles to the pipe

line, and this involves the construction of a pressure tunnel, over a

mile long, about three miles north-west of Kavinje. The rock

forming the greater part, if not the whole, of the tunnel line is very

probably charnockite. It is fairly well jointed, but appears to Le

BOimd, forming great vertical precipices. It has not the appear-

ance of being deeply weathered, the topography suggesting masses

of fairly fresh rock. Except for the jointing, which may give

trouble in tb^ way of leal^^ge, the rock is thought by Mr. West

to be probably quite suitable for the > construction of such a tunnel.
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It will be better, however, if the course of the tunnel be slightly

modified, so as to allow both a greater cover and a greater hori-

zontal distance of rock to intervene between the tunnel and the

surface, to withstand the pressure at two rather weak points.

In response to a request from the Government of Madras who

are considering the revival in a modified form of the old Tunga-

Dani.»lte, Tunga-
b^adra Irrigation project, Mr. Vinayak Rao

bhadra river, Bellary was deputed to report upon the geological
district ; Madras. aspects of the scheme.

The country near Timmalapuram on the Madras side of the

Tungabhadra Kiver has only one ridge which comes within half-

a-mile of the river. The rest of the country slopes upwards to the

hills some miles away. On the Bombay side of the river low

hills extend along the northern bank and the hill mass of Shingtalur

lies right on the bank of the river.

The rocks consist of Dharwar quartzites, schists and banded

quartzites with conglomerates and diabase dykes. Though there

appears to be a repetition of the beds, it is not likely to affect the

foundation as the beds are dipping at high angles. On either side

of the Dharwars are granites and gneisses. The dam would cut

across the Dharwars almost at right angles to the foliation planes.

According to Mr. Rao this is the only possible site for a dam for

miles since, either up or down the stream, the dam would have to be

undesirably long. Most of the beds here are impervious to water.

The site appears to be a suitable one, but trenches would show the

nature of the foundation and a further examination of these when
constructed will enable conclusions to be more definite.

During the season Rao Bahadur M. Vinayak Rao was deputed

to inspect the site selected for a dam on the Kolab river in the

Dam-site Kolab river
Estate of Madras. The rocks at the

Jeypore Estate, Vizaga- proposed site consist of charnockites of the
patam , Madras. ^ variety. They have generally a north

and south foliation and are considered to be well suited for a dam
site.

In response to a request from the Government of the United

Provinces Mr. A. D. Coulson was deputed to make a re-examina-

Landslips, Naitti Tal ;
tion of the condition of the hills in and around

United Provinces. Naini Tal in September and October. A
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oommittee was convened to examine the whole question and to

consider more especially the following points :

—

(a) the maintenance of existing protective works

;

(b) the need for further protective works

;

(c) existing observation stations and the need for additional

stations

;

(d) Jake regulation and the authority for its control ;

(e) authority for excavation, building and tree-cutting

;

{/) the assessment of rain-fall run-off, normal leakage and

evaporation

;

{g) the verification of the catchment area and the question as

to whether or not the Sukha Tal area should be included
;

(h) the method of calculation of discharges and the assessment

of a reasonable figure for the run-off

;

(i) the method of recording rain-gauge readings :

(j) the removal of the large rock above the East Laggan road

and near Killarney House

;

{k) periodical inspection of the drains
;

and

(J) the examination of Charta Hill and Amparao.

The findings of this committee will be published in due course.

Compared with other Himalayan h'Jl-stations, Naini Tal has always

suffered imusually from land-slip. The root of the trouble is a

fundamental i ne, namely, the lesser degree of metamjrphism undergone

by the rocks composing the hill-slopes. The suggestion of the

1907 committee that the condition of the hill sides should be re-

ported upon at intervals of not more than three years, is one worthy

of support. With some of the other members in sub-committees

Mr. Coulson considered in detail items a, b,f, g, h,j and I ; in addition

he submitted notes relative to China Hill, the Ballia Kavine, Kala-

khan Hill, Durgapur Power House and the Depot Road subsidence.

The chief reason for the constitution of the present committee

lay in the fact that the Public Works authorities at Naini Tal wore

unable to account for about 70 per cent, of the water falling in the

catchment area of the lake, the figure for the percentage run-off

for 1926 being 30*4 per cent., the lowest on record. As this figure

is regarded as the index figure for the safety of the settlement,

alarm was felt at its extreme lowness, more especially so as the per-

centage run-off for 1918 was 82 per cent,, there being a more or

less constant diminution since that year.
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In conjunction with Mr. TunniclifEe, Mr. CJoulson was able to

account for 73-6 per cent, of the water falling in the catchment

area, by allowing for various losses enumerated below :

—

(1) The evaporation and absorption in the catchment area

which, excluding the lake, equals 1095*5 acres, was

calculated upon the basis of a “ handicap of 30 in-

ches on the annual rainfall which in 1925 was 98*48

inches. It will be noticed that by adopting this figure,

the run-off from the area works out at about 70 per cent.,

i.e., 119,300,000 cubic feet.

(2) The evaporation losses from the lake at, say, 5 feet per

annum amoimt to 26,245,000 cubic feet.^

(3) For losses from the lake by springs, the figure taken was

425 gallons per minute, being the mean of two previous

estimations by Messrs. West and Iloey ; these came to

3G million cubic feet.^

(4) The water taken for Mimicipal purposes and for Govern-

ment House, during 1925, was 6 million cubic feet,

(5) The power-pipe discharges, as obtained from the Annual

Report upon the Hill Sides around Naini Tal, equal

31,220,000 cubic feet.

(6) The discharge through the sluices and overflow (the figures

being obtained from the same source as 5) amounted
to 106,747,000 cubic feet.

Taking into account the correction for difference in lake level

(7,191,000 cubic feet), the total water accounted for was 318,321,000

cubic feet. As the rainfall for 1925 equalled 434,691,000 cubic

feet, the percentage run-off thus obtained is 73*5 per cent, approxi-

mately.

As the figures assumed for evaporation losses from the lake and
absorption losses in the catchment area are based upon very ap-

proximate data, Messrs Tunnicliffe and Coulson did not think it

advisable to take these figures into account in the annual calcula-

tions lor the run-off. If these figures, accordingly, be neglected,

a reasonable figure to expect for the percentage . run-off in most

years would be in the neighbourhood of 50 per cent. It was thought

^ From a study of availablo rooorda, Mr. Lyle assesses tho axmoal evaporation from tlie

lake surface as $ feet 4 inobos.
* Gaugin^s of titc springs made after the above was written indicate that the pro-

bable losses by springs arc about 140 million oubio feet of water per annum.

£
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that little reliance could be placed upon the conclusions arrived

up to date and future calculations of the run-off should be based

upon more reliable data.

In a list enumerating certain additional protective works which

were in his opinion advisable, Mr. Coulson mentioned amongst others :

the removal ol the large rock (Craig Ellachie) which overlooks

the East Laggan rock
; the provis on of adequate drainage facilities

on the threatened area in the vicinity of pillars Nos. Al, A2, B2,

C2 and D2 on Kalakhan hill and the prohibition of cultivation

in this area
;
the total demolition of Durga Cottage and the sloping-

ofi of the hill-side, lollowed by afforestation
;
the drainage of Sukha

Tal
;
afforestation on the slipped areas of Charta and Manora hills.

The rocks south of the fault line, which passes just below Glenlee,

dip N. 30° E. at 45°
; those north of it dip N. 35° E. at 10°. The

rocks in the vicinity of Durga Cottage, therefore, have their maxi-

mum dip practically in the direction of greatest slope and less than

the angle of slope. Conditions are thus exceedingly favourable

for a slip. Great care should be taken of the drainage in the area

from Glenlee to Edwinstowe
;

this region is as dangerous as the

“ dangerous area ” of Sher-ka-danda hill.

The general dip of the rocks lorming China hill and to the south-

west of China is between 8° and 10° in a S. W. direction. If there

were any general tendency to slip in this region, therefore, it would

be to the far side of China away from Naini Tal. Shales with an

interbedded band of dolomite form the hiU
;

these shales are very

well jointed and fractured, the resultant effect of two sets of cleavages.

The result is that with water percolating along the cleavage planes

and so dismembering the shales, fragments are continually falling.

The scarped face towards Naini Tal is thus always tending towards

verticality in its upper parts whilst there is an increasing apion

of debris in the lower regions.

The safety of the lower end of Naini Tal down to Durgapur
depends upon the Ballia ravine and its branches. At present the

water in the Ballia flows under control to the Fairy Hall drain and

thence onwards its course is free. In the first part of its course,

the Ballia is not far distant from the lake fault and its general direc-

tion is the same. The dip of the shales forming the eastern slopes

of the ravine is usually towards the river and as the angle of dip is

generally^ less than the angle of slope, the conditions tend to insta-

bihly. On the .western side, however, the slates and shales dip
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under the dolomite forming the mass of Ayarpatta and the condi-

tions are far more stable. Thus steep slopes on the western side

can be far more stable than less steep slopes on the eastern side.

Considerable trouble has lately been experienced on the western

side of the Ballia between the Fairy Hall drain and the Coolie Lines

drain. The barracks on the level ground above this region have

been badly cracked and wisely vacated. Down the scarped face

towards the Ballia numerous cracks have appeared in the surcharged

revetment walls and a definite line of movement can be made out

through the soil-cap of the main spur. Numerous slips have oc-

curred in the lower part of this spur, the net result of which is to

leave a scarped face which approaches verticality. The whole

area is distinctly unsafe.

Rain-water, as usual, has been the chief destructive agent aud

the heavy rains of the current monsoon have added their quoUi

of damage to that begun by the preceding rains. The soil-ca])

has become sodden with water and this has percolated through

to the shales beneath. In addition, one of the lines of leakage

from the lake exists almost at the junction of the shales with the

dolomite at this point. There is thus abundant imderground

water available to make sodden the rocks of the spur in question.

The Ballia also cuts away the toe of the spur and more soil and

rocks subside to take the place of the material removed.

The dip of the rocks in this region is about 20*^ in a directio i

N.75°W. but w^hilst this tends to stability, the combined effect of

the agents of destruction enumerated above has rendered the natural

conditions powerless to prevent a gradual sinking of the spur.

Mr. Coulson did not think it possible to prevent the threatened

slip and considers that a burst of three or four days heavy rain will

bring about the fall of the bulged soil-cap and probably parts of

the spur as far back as behind the first godown. When the slip

has taken place, new revetment walls should be built and the flow

of the Ballia and the Fairy Hall drain adequately controlled.

The Durgapur Power House was built upon the debris of the

1898 landslip from Kalakhan hill, already described by Mr. Middle-

miss.^

Though the landslip foretold by Middlemiss has not yet taken

^ Eeiiort upon the Kalakhan Lamlaiip near Naini Tah Government Preed

1898.

Calcutta,

£ 2
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place, the natural conditions are of great instability. The rocks

of this region are very cleaved and shattered but the main cleavage

direction seems to be towards the Ballia and the dip slightly less

than the angle of slope. With the Ballia continually doing damage

at the toes of the spurs, the conditions are ideal for a big land-

slip to occur. All that seems feasible is to take such preventive

means as are possible to delay a slip which is probably inevitable

and which will cause great damage when it does happen.

Charta hill was the scene of a destructive landslip on the 29th

September, 1924, and the present trouble is in brief due to the

difficulty in controlling the water flowing over the 1924 slip debris.

Recent wash outs of debris have revealed rock in situ in the upper

part of the main stream-course but its dip is not calculated to lend

strength to the foundations of any proposed wall across the ravine

in this region. In addition, the regions in the vicinity of observa-

tion pillars Nos. 1, 2, and 11 will shortly fall and cause destruction

to the uppermost retaining wall. The whole site of the Brewery

settlement is far from safe. Mention has already been made of

the probable fall from Kalakhan hill ;
in addition, the spur of Charta

to the south-west of the settlement is known to be conspicuously

cracked. The spur between the Durgapur and Charta hill streams is

far from safe and the spur overlooking the bridge on the Ranikhet

side of the Ballia has recently cracked.

The subsiding area in the Depot Road is in a valley between

two small spurs of Kalakhan. Provided that adequate means are

taken to prevent water entering the subsiding area at the fracture

zone and in other places, Mr. Coulson thought it quite possible,

though not of course certain, that further subsidence could be

prevented.

Near mile 9 on the Kathgodam-Naini Tal road, much money
has been spent upon constructive works to prevent further subsi-

dence of the road but up to date, efforts have been unavaiUng.

Mr. Coulson has described the geological conditions in this Amparao
area in detail and has shown that though the argillaceous rocks

at the main slip dip into hill “ 3,300 ’’ at about 7° in a direction

N. 50°W., their physical characters are such that slips must take

place. He also notes the existence of two faiilts in the area which

have highly fractured the rooks and decreased their stability.

The slipping surface is presumably the surface of the argillaceous

material below the debris which is still in situ

;

this is kept lubricated
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chiefly by percolation of spring water derived from rain falling

upon a cultivated area behind the hill and water from several stream

coursefl which pass over the cultivable area.

Provided that certain methods of drainage suggested by Messrs.

Lyle and Coulson are followed and all cultivation stopped, it is

thought that the slip may possibly heal itself in time if the main

wall holds. Mr. Coulson did not think it possible to take the road

higher up the slip face since sound foundations were not obtainable

there. He also thought the expense of taking the road behind hill

“ 3,300 ” would be prohibitive and it would add greatly to the

length of road between Naini Tal and Kathgodam.

Mr. Coulson inspected a rough proposed alignment of the road

on the other side of the Nalena river, and thinks that a road here

is undoubtedly feasible, in spite of the fact that geological condi-

tions are very similar to the Amparao side, except that on the Nalena

side the rocks dip at higher angles than those on the Amparao side.

There are thin bands of argillaceous shales interbedded with sand-

stone bands which will to a certain extent act as buttresses, but

should surface water gain access to these argillaceous bands, it is

quite possible that the history of Amparao may be repeated. Geolo-

gical conditions across the Nalena were thought to be insufficiently

favourable to warrant the abandonment of the present road and

the latter should be maintained at least until proper drainage

methods have been tried and found imavailing in the region above

Amparao.

Garnet.

Garnets are described by Mr. Vinayak Kao as plentiful in the

gneiss one mile north of Kannamangalam (12° 46' : 79° 9' 30"

Survey sheet 67 P/l) in the north Arcot

Madrfuu

^****'*‘^*
• district of Madras, and might bo useful for

abrasive purposes.

Gems.

Historical records of gem-mining in the Mogok district of Upper

Burma date from 1697 A.D., though the industry must have been in

existence for a long period before that time. The
Mosok district . Burma.

Tract was treated as a private estate

of the Burmese Kings. A race of heriditary miners had evolved

there and the methods of the Burmese administration, modified

in accordance with the principles of equity, formed the foundatipn
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on which the Upper Burma Ruby Regulation of 1887 was laid

down, and on which the original lease, issued in 1889 to the Burma

Ruby Mines, Ltd., was framed. The main features of this lease

still persist. The interests of the indigenous ruby miner were

fully safeguarded under the British regime. Licenses to win gems

arc granted to descendants of the old families and land for the

purpose is allotted to them as occasion arises. For some years

the company collected and retained the license fees, against which

it paid a fixed rent and a proportion of its annual profits to Govern-

ment, but since 1909 the royalties collected by the company have

been accepted by Government (less 10 i)er cent, commission) in

place of the fixed annual rental.

For some time the ruby market has been in a state of

severe depression, and in 1925 the Burma Ruby Mines, Ltd., went

into voluntary liquidation, after a chequered career of over 36 years.

At the request of the Government of Burma, Dr. Coggin Brown

visited Mogok in December last to investigate the situation and

to make suggestions for the future development and control of the

industry. He has submitted a report in which the history of the

company, its financial aflairs and its relations with Government

on the one hand and the native miners on the other, are ably traced

in detail, from the annexation onwards. Especial attention is

paid to the technical progress which has been made, to the growth

of modem methods of gom-mining, to the causes of the depressions

which have periodically upset the market and to the competition

of artificial gem stones.

Another part of the report deals with present and future mining

operations by native methods, and contains recommendations re-

garding the following matters :— the issue of licenses, the restric-

tions limiting mining to fn hereditary class, the liaison between

the local authorities and the company, the complaints of native

miners regarding the prohibition of explosives and machinery,

tributing, the reservation of areas for the company, illicit mining,

the curious local custom of kanase—by which women and girls en

joy the right to remove gems from stream-beds, tailings, races,

and mine and washery dumps without the payment of fees—and

finally, to the question of the staff which must be created to super-

vise native mining in case the Company expires.

The concluding section of the report deals with future mining

operations by up to-date methods. The present condition of gem-
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mining in Burma is due to the cumulative effect of numerous ad-

verse causes, but exhaustion of the gem-bearing deposits of the

Mogok Stone Tract, as a whole, does not, in Dr. Ooggin Brown's

opinion, constitute one of these. The tract and the leased area

extend over more than GOO square miles, the greater part of which

is occupied by gneisses and associated rocks of Archaean age. Traver-

sing them are great bands of crystalline limestone which stretch

from the eastern bank of the Irrawaddy to beyond the longitude

of Mogok. The sizes and positions of the more important of these

have been demarcated on LaTouche’s map of the Northern Shan

States as far as a geological survey on a scale of one-inch-to-one-

mile can exhibit them. A larger survey would probably reveal

more of these limestone bands. From them most of the precious

and semi-precious stones, and all the rubies and spinels, have been

derived. (The sapphires, for which a brisk demand exists to-day

appear to come from another source—a rock which may be of peg-

matitic origin but which still has to be studied.) Their weathered

products, released as the parent rock decays, travel down hill to

the stream beds where they accumulate in the water-borne gravels.

It follows from the existence of gems in such situations that they

must of necessity occur also in the detrital deposits of the hill-sides

from which the true alluvials have been derived. The operations

of the present Company, apart from early abortive attempts to

mine gems from the limestone and a few inconclusive experi-

ments on certain hill slopes, have been confined to removing and

washing gravels from the Mogok, Kyatpyin and Kathe valleys.

The actual system adopted is due to the work of Mr. A. H. Morgan

who solved the drainage problem and so enabled the deeper deposits

of the Mogok and other valleys to be treated on a large scale. There

are, however, other valleys in the Stone Tract, in particular those of

the Kin and Khabine, in which gems are known to occur, and which

deserve fuller exploiation than they appear to have received hitherto,

with the object of proving their value as hydraulic mining propositions,

rather than as areas to be opened up and mined by laborious, costly

and slow hand methods. It was not until comparatively recent

times that the present system of breaking down the working faoea

with monitor jets and raising the material so obtained by hydraulic

elevators or gravel pumps superseded the older system. About

the same time the rotary pans of the washing mills appear to have

given place to modified forma of sluice boxes,
iiJij ^



66 Records of the Geological Survey of India. [ Voi-, LXI.

The greatest poasibiLties for the future, however, are believed

to lie in the large scale treatment, on these lines, of the hill*aide

deposits and a stretch of country usually known as the “ Western

Slopes, in Dr. Coggin Brown's opinion, fimt merits attention. It is a

somewhat indefinite area lying on that side of the ranges between

Bemardmyo and Kathe which, judged by the amount of mining

performed by natives in the past, is a gem-bearing region of great

eictent. It is stated that large parts of it could be reached by the

cutting of the Bemardmyo ditch, a water channel surveyed under

Mr. Morgan’s direction in 1924.

Suggestions are made as to the new form of lease which should

be substituted for the old one in case these or similar operations

are undertaken in future.

Gold.

A minor industry in gold-washing is reported by Mr. B. B. Gupta
to be earned on in the rivers of the Lower Chindwin district, Burma,

Lower Chindwin db- flowing from the PauMn Chaung and drain-
trict : Burma. areas covered by Irrawadian deposits.

The villages of Pauktaik (22® 10'
;
94® 47' 30"), Thaminthat (22° 15'

;

94® 45' approx,), Zibindwin (22® 16' 30"
;
94® 50' 30" approx.),

Tuywa (22® 24'
;
94® 47' approx.), and Nyaungbinle (22® 20'

;
94® 39'

30") may be mentioned as places where gold-washing is carried on
after the monsoon. The industry dates back to before the time
of King Mindon. The daily output for each party of two or
three men varied from Jth to i tola by weight of gold ^nearly

and 45 grains, respectively).

Gold has previously been reported from Kani (Burma Gazetteer,
Lower Chindwin District, p. 116 ; Rcc\, Geol Svrv. hid., Vol. XLIII,
p. 250). Mr. Gupta did not hear of gold being actually washed at
Kani but notes that the produce from the local 'ties noted above
passes through this village.

Aunferous quartz was reported to have been found at Mata-
gondapalli (12® 37' 30"

;
77® 44') about ten miles south-west of Hosur

Selem disWcl : Madru.
^ Salem district of Madras, where the
rocks consist of the older gneisses intruded

by the Hosur gneiss of Mr. Middlemiss, with included fragments of
hornblende schists and some dykes. An assay in the Geological
Purvey laboratory of some of the quartz from this area, however,
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showed no trace of gold. The chances are against the finding of

gold quartz in this area.

Iron.

Several deposits of good hflematite, derived from the banded

hcematite quartzite, were mapped by Dr. Krishnan during the

season in the Feudatory States of Bihar and

Blhir andTorbsaf*^
’ Orissa. Some of the best deposits are found

along the Bonai-Keonjhar boimdary.

The shales of the Iron Ore series in Keonjhar State yield, through

weathering and segregation akin to lateritization, lumps and pockets

of iron and manganese ores. Dr. Krishnan remarks that these are of

irregular, but fairly wide, distribution. The ores are of a rather

low grade, but experience in the adjoining area shows that they

can be worked on a small scale.

Ironstone mining in the northern part of the Federated Shan

States is carried on by the Burma Corporation Ltd. and the ore so

obtained is used in the blast furnaces at

Buraia^*”*
States: ^ assist in the reduction of sulphide

ores containing lead, silver, zinc and copper.

For this purpose they are essential, so that, although the quantities

raised are small in comparison with those won in India to supply

iron and steel works, the industry in the Shan States is a settled

and important one and is likely to continue so for many years to

come.

Early in 1927 Dr. Coggin Brown was requested by the Gtovem-

ment of Burma to review the iron ore situation generally, and to

pay especial attention to the questions of extension of known de-

posits and the possible occurrence of new ores, for it is desirable

that the iron ore reserves should bear some comparable relationship

to the very large quantities of metallic sulphides which have been

proved to exist in the great Bawdwin deposit. He has examined

the Manmaklang mine and the various workings centred around

Pauktaw and Naungthakaw in the Wetwin region and, in a detailed

report on these deposits, has briefly smnmarized our knowledge

of other outljdng ones, thus bringing up to date the observations

of Messrs. P. N. Datta, T. D. LaTouche, E. L. G. Clegg and his own
earlier work on this subject.

The Twinnge deposit was probably mined in the time of the

)ater Burmese kings but Mr. P. N. Datta was the first geologist
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to draw attention to the occurrence of iron ore in this neighbour-

hood (21° 57' : 96° 25') (Genl. Rep. Oeol. Surv. Ind., 1899-1900,

pp. 121-122). In 1916 Dr. Coggin Brown concluded that the ore was

of a residual nature and represented the ferruginous material origi-

nally disseminated through that portion of the limestone which

has been removed by denudation since the Shan Plateau permanently

emerged from the sea in later Mesozoic times. Further experience

confirms these views Geol. Surv. Ind., XLVII, pp. 137-141).

The Manmaklang deposit lies in latitude 22° 50', longitude

97° 40,' and was described by Mr. E. L. 6. Clegg in 1922 (Ric. Geol.

Surv. In/l., TJV, pp. 431-435). Dr. Coggin Brown does not accept the

earlier opinions of the geologists of the Burma Corporation that

it is of a residual origin, but regards it as a replacement deposit,

the result of the action of iron-bearing waters of meteoric origin

moving downwards through an exceedingly brecciated variety of

the Plateau Limestone. Although Manmaklang still produces from

1,300 to 1,500 tons of limonitic ore per month, it is rapidly becom-

ing an underground proposition in which operations cannot be

carried on profitably in competition with surface work on the true

residual deposits elsewhere.

The Kunghka ore body (23° 13' : 99° 19') is said to lie in a fault

zone traversing rocks of the Pang-ynng series and to have been

formed by the infiltration of iron-bearing solutions, resulting in the

production of solid haematite in a soft matrix of red and yellow

limonite carrying specularite and barite. The Kunghka haematite

is still mined and used in the production of copper matte only.

AU the deposits of the Wetwin region are, in Dr. Brown’s opinion,

of residual origin. The Pauktaw quarry is close to the main railway

line, some 4^ miles south-west of Wetwin station in the direction

of Maymyo and about ^ mile from the log-washing plant of the Cor-

poration. It was worked in 1920 and 1921. Originally the

iron ore cropped out at the top of a small hill and as it was followed

down, the excavation gradually increased to a depth of 35 to 40

feet. Abandoned now on account of the increasing thickness of

overburden it still displays faces of red earth with shots of iron ore

in its lower layers which overlie an ore bed 8 to 10 feet thick, massive

in parts but more commonly possessing an “ organ-pipe ” structure.

Bulk samples of this ore averaged from 56 to 67 per cent, of iron.

The abandoned . workings of Bawhlaing lie some two miles to

the north-north-^ast of Pauktaw camp and from them approxi-
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mately 200,000 tons of good massive ore have been removed. It

was a shallow deposit lying on the top of a limestone knoll showing

the usual form of weathering. A typical analysis of the Bawhlaing

ore shows iron 56-6, alumina 3*7 and silica 2 per cent.

Active work is to-day being prosecuted on the Naungthakaw lease,

which is situated about latitude 22° 10' and longitude 96° 31', in sheet

B,12 of the one-inch-to-one-mile survey, and six miles as the crow

flies to the north-west of Pauktaw camp. It is on ground which

slopes gently towards the valley of the Shwe-leik-ka to the south
;

to the west is the higher land, attaining elevations of over

4,000 feet along which the boimdary between the Mandalay dis-

trict and the Federat^ed Shan States runs. The lease is divided

into a number of separate sections. In section A the workable

ores occur between 3,650 and 3,700 feet above sea level, varying

from thin bands a few inches thick in the north-west and south-

east to richer stuff, several feet thick, distributed in three well-

defined patches in the middle of the southern half of the area. The
average thickness of the overburden in an open cut is about 8 feet,

and under this is 6 feet of vesicular hcematite. In Section B,

the best part of the ore bed lies on and about Kadut Taw hill (ele-

vation 3,780 feet). Thinning out down the slopes, it becomes very

evident again in Section C at heights of between 3,660 and 3,740

feet, with extensions into Section D. Much of the ore in these

blocks is roughly roimded, rubbly material, rather than the cemented

solid ore of Section A. The Corporation’s Engineers estimated

the original contents of Sections B, C, and D at 35,000, 50,000 and
6,700 tons respectively : these figures do not, however, include the whole

of the ore bodies but are governed by the economic factors involved

in profitable extraction by prevailing methods such as depth of

overburden, thickness of the ore band and quantities of injurious

compounds like silica and alumina.

An ore bed which commences in Section L and stretches across

Section E at much the same contour levels is believed to contain

some 35,000 tons. The open cuts display an extremely irregular

surface of the underlying limestone, in the deep and narrow hollows

of which pockets of brittle, rubbly hfematite lie under 6 to 8 feet

of overburden. Section M contains the southern portion of an
ore bed which obtains its greatest development in ^tion I. To-

gether they have been estimated to contain 66,000 tons. The
overburden ranges up to 12 feet in thickness and the greater part
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of the ore lies about the 3,700-foot contour. Details of the occur-

rences in the remaining sections are given in Dr. Brown’s report.

Exploitation commenced in 1922, since when 36,000 to 40,000

tons have been removed per annum. All the work is opencast,

large areas being stripped of overburden and the ore bed systematic-

ally removed. The larger pieces are hand picked, whilst the remain-

der is dry-screened on the spot, carted to Pauktaw, cleaned in a

log-washing plant there and railed to Nam Tu. Operations are

suspended during the rainy season. The washed ore as railed con-

tains approximately :

—

FeO :—71 to 72-6 per cent.

AJoOg :—3*3 to 3*5 per cent.

SiOo :—4 to 6 per cent.

The Corporation is engaged in a prospecting campaign in the

surrounding country and as there are few surface indications of

ore beds it is necessary to pit systematically across likely areas.

Beyond advising the intensification of the pitting operations and

an extension of preliminary pilot holes towards the north-north-east.

Dr. Coggin Brown had no suggestions to make. As about 200,000

tons have been added to the available reserves as the result of the

season's work, the present policy appears to be justified.

The prospects of obtaining large additional supplies in the

embayment of the Plateau Limestone, covering a triangular area

of about 420 square miles, with its base on the railway line between

Maymyo and the Gokteik Gorge and its apex on the peak Hpataung-

gyi (3,664 feet) in Monglong, have been discussed by Dr. Coggin

Brown. He believes that the origin of the red earth mantle can

only be attributed to the accumulation of the insoluble matter

in the limestone itself in the course of its degradation through

weathering. If the red earth is a residual deposit its iron contents

are also of the same origin. At one time disseminated in small

quantities through the parent rook they were at first probably

equally well distributed through the red earth, and their concen-

tration into irregular beds towards the base of the clay is due to

subsequent processes which have taken place in it since its forma-

tion. There are no signs that the iron ore formed any kind of

concentrated deposit in the limestone, neither are there the slightest

indications in this type of residual deposit that it is of swamp or

lacustrine formation, or has been produced by any known kind of
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replacement. It follows therefore that iron ore beds should be

found in many suitable places both in this particular embay-

ment and on the plateau generally, but the depth of the red earth

must be sufficient for the chemical reactions which have resulted

in the concentrations to have occurred, and the topographical con-

ditions such that they have not been removed at later periods.

In 1915 Dr. Ooggin Brown predicted the occurrence of ore between

Wetwin and Padaukpin. It has been proved to exist but is of

too bauxitic a character to be of any value in lead smelting. For

some reason, which cannot be explained at present, the ores from

the lower parts of the plateau and also the pisolites which frequently

occur in the upper layers of the red earth, are often highly

aluminous and it is to the higher geographical horizons and well

drained gentle slopes at elevations such as those indicated that future

attention should be directed. A zone of country possessing these

features runs almost completely round the embayment, and it is

in this, not far from the boundaries of the older rocks and yet not

too close down towards the badly drained central area, that further

extensions of these iron ore beds will be located. Such iron ore

deposits are exceedingly irregular. The exhausted portions of the

Naungthakaw blocks show how variable the surface of the under-

lying calcareous rocks may be. The general impression that it is

a more or less level underlying table is entirely wrong for it is

weathered into fantastic heights and hollows. One prospecting pit

may miss the ore bed entirely, while the next one, landed on a hole

in the limestone full of ore, may make an excellent and misleading

showing. Close and careful pitting is essential before estimates

can be attempted, while lines of pits should not be stopped because

one or two holes yield poor results in succession. Instances are

known in which a good ore sheet has thinned away to practically

nothing down towards an insignfficant surface drainage chaimel,

to make again in quantity on the opposite slope.

Mr. P. Leicester was deputed to investigate the reported oc-

currence of rich deposits of iron-ore near Mokpalin in the Thaton

Thaton district, district of Burma. The area, over which a
Lower Burma. prospecting license has been applied for is

shown on the Survey of India J-inoh sheets 94C and 94G.

The claim lies in the foot-hills of the Kyaikto ridge east of the Sittang

Kiver in the Thaton district, and the area which has been prospected

is about fifteen miles to the north-east of Mokpalin, a station on
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the Moulmein branch of the Burma Elailways, 80 miles from Eangoon.

Only part of the area under consideration had been geologically

surveyed ; this had been done by Mr. P. N. Datta in the Field Season

of 1908-09.

In passing north-eastwards from the sea up to the Kyaikto

range the following rock series is traversed :

—

Alluvium.

Laterite.

Thaton series (sandstones and shales).

Igneous rocks :

—

Volcanic : Volcanic agglomerate.

fGranite.
Plutonic Contact-altered basic rock,

(^Epidiorite and talc schist.

Gneiss.

The sedimentaries of the Thaton series are covered with a thick

cap of laterite in the neighbourhood of the coast but farther to the

north-east there are frequent exposures of sandstones and shales

with a general strike N. 20° W.—S. 20° E. and steep variable dip.

About six miles north-east of Mokpalin is a ridge known as

Kyaukpon Taung, running N. 20° W.—S. 20° E., showing exposures

of volcanic agglomerate. The stratigraphical relations of this rock

are obscure but Mr. Datta^ mentions “ volcanic rocks, probably

rhyolitic ” as occurring in this ridge. The association of agglo-

merates and tuffs with rhyolite is a most natural and probable

occurrence.

Mr. Leicester considers that the talc schists, which occur in

various localities within the area, are probably derived through

the alteration of basic or ultra-basic rock. Microscopic examina-

tion of the rock reveals talc with numerous small grains of magne-
tite partly decomposed to haematite.

There is a considerable area consisting of green metamorpho'ied

basic rock and it is in this rock that the iron-ore occurs in the form

of segregations of magnetite in irregular lenticular ore-bodies or

lenses, which probably tend to run in a direction parallel to the gra-

nite contact. This rock appears to have been intruded as

a basic product of differentiation from the parent magma of the

granite of the Kyaikto ridge.

^ Gteaoral iieport for lUlO, Hue. Ueol. Hurv Ind., VoL XL, p. 108.
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Dr. L. L. Fermor examined certain specimens and microscope

slides of the basic rock submitted by Mr. Leicester and came to the

conclusion that the original rock was probably an augite-plagio-

clase rock, possibly a gabbro, and considers that the green meta-

morphosed rocks may be classed as epidiorites.

^ Two occurrences of ore in situ have been discovered by the pros-

pectors. These comprise rich segregations of magnetite about thirty

feet in width with a general trend N. 20^^ E.—S. 20° W., but as yet

no attempt has been made to discover the extent and true direc-

tion of the ore-bodies.

Elsewhere numerous pits have been sunk through the talus and

soil-cap of the hill slopes. These pits have in many instances

yielded detrital fragments of rich ore which have been derived from

ore-bodies probably situated higher up the slopes.

The amount of proved ore is small but systematic prospecting

should not only reveal the extent and nature of the occurrences

already found but should also disclose some at least of the ore-

bodies which are the source of the detrital fragments of ore scat-

tered over the region. According to Mr. Leicester it seems pro-

bable, from the structural geology of the neighbourhood, that the

ore-bodi(s are lenticular and that they run approximately parallel

to the granite contact in a roughly north and south direction.

The ore is not in the form of veins or lodes and there is no indica-

tion of its having been thrust up into or having formed in fissures.

It occurs, as has already been mentioned, in irregular, lent cular

ore-bodies or lenses, originating apparently by concentration and
segregation of the iron in the basic parent rock. This impUes that

the ore-bodies will in all probability be very irregular and ol un-

certain depth and their underground extent can only be accurately

estimated by boring. The whole is capped, except in the stream-

courses, by a considerable overburden of soil, laterite and talus

which besides adding to the difficulty of prospecting will increase

the cost of its extraction.

Mr. Sondhi reports that in the neighbourhood of the village

of Natyin Dauug (Sheet 81 J/14) the Tlateau Gravel is remaik-

ably rich in round, hollow, ferruginous con-

which appear to have been worked
for iron by the villagers not long ago. Slag

heaps were occasionally encountered during the course of the exami-

nation of the area, but active work has been discontinued*
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North Arcot district

Madras.

Bands of Dharwars with magnetite were noticed

by Mr. Vinayak Rao at Sottukinni (Survey Sheet

67 P/3) in the north Arcot district of Madras.

Manganese (see also Iron—Bihar and Orissa),

The manganese deposits of the Kanara district of Bombay were

farther investigated by Rao Bahadur M. Vinayak Rao, who reports

a great development of manganiferous laterite

BombaV*
district

: ^ neighbourhood of Castle Rock, extend-

ing some distance to the south. Manganese is

iound replacing some of the Dharwar quartzites at the Bhagavati

mine about 2 miles south of Castle Rock.

Manganese is found in the laterite about 3 miles west of Ammod
on the road to the Portuguese frontier.

To the south and south-east of Castle Bock manganese has been

noticed east of Ku Vesi and in the hill between Kesarla and Titvali.

Psilomelane, pyrolusite and wad are usually the forms of man-

ganese met with in this area. An analysis in the Geological Survey

Laboratory of the Titvali manganese showed as much as 61 per cent,

of manganese.

In the Belgaum district manganese occurrences are chiefly con*

fined to the south-west part of the Khanapur Taluk. They occur

Belgaum dUtrict ;
laterite over the Dharwars which here

Bombay. have an rregular north and south direction.

The chief places where workable quantities are found are : Talevadi,

Amgaon, Jamgaon, Nerse and Kumbharda near Nagargalli.

The ore occurs as a replacement mineral in laterite and occurs

irregularly in blocks thereof. In Talevadi it is present below the

laterite on top as well as in the valleys where a detrital laterite is

found. It is also foimd segregated as thin bands along the stream-

courses. Wad or the powdery form is found on the hill at Jamgaon,

where it occurs as a fairly thick deposit of about 2-3 feet in thick-

ness. In Jamgaon and Amgaon blocks of manganiferous laterite are

found along the river valleys.

The laterite on hill-tops due to the alteration of Deccan Trap

does not appear to have any manganese.

Mica.

Mr G. V. Hobson, whilst on study-leave in the United States of

America, took the opportunity of making some enquiries regarding
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mioa, its distributiou, utilization and consumption, and has sub-

mitted an interesting report upon the subject. Mr. Hobson was

led to the conclusion that the mica-broker or middleman, atthou^
necessary to the trade, was absorbing a very large portion of the

profits—a proportion sometimes well over one himdred per cent.

This conclusion is confirmed by the surprisingly low average price

obtained by the exporter of mica from India. The value for the

years 1922, 1923, 1924 and 1925 averaged little more than Re. 1

per lb., the rupee at that time having an exchange value not far

from \s. 4d.

Mr. Hobson concluded that the elimination of the broker was

only possible in the case of very large producing and consuming

firms. One American firm has already achieved this result. The

necessity of the broker arises from the fact that while the producer

has for sale all sizes and grades of mica, the consumer in most cases

requires only one or perhaps two sizes of one particular grade.

This means that the producer, in order to dispose of his whole out-

put, must be in touch with consumers of all classes, and must be

prepared to carry heavy stocks. The producer is, in fact, very

much in the hands of the broker, and frequently has to accept the

price the broker offers him. Any producer attempting to do without

the broker with respect to one or more sizes or grades of mica runs

the risk of being boycotted by the broker with respect to the rest

of his material.

One of the complaints made to Mr. Hobson regarding Indian

mica was that occasionally a few cases of an order were found to

contain mica of a different size from that ordered. The excuse

made by the exporter w^ould be that, owing to shortage, a case

or two had to be filled with undersize mica and, to make up the

average, a case or two filled with oversize mica. An examination

of the consignment, however, always showed a balance in favour

of the exporter. Another complaint was that Indian firms occa-

sionally went back on their quotation and, on the receipt of a repeat

order, attempted to raise the price. Mica consumers do not carry

very large stocks and have no time for bargaining. Such corres-

pondence as the above, therefore, usually meant a placing of che

order elsewhere.

Mr. Hobson remarks upon the increased use of micanite, which

is gradually replacing block mica in a number of uses. Two of

the latter seen by Mr. Hobson were in the form of heater-units for

p
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electric irons and lamp shades. Mioanite is made from splittings,

the production of which is at present almost a monopoly of India.

In Schenectady Mr. Hobson was shown the latest development of

the manufacture of mioanite by machinery. Here mica-plate is

being made with a new synthetic resin, which may prove a serious

rival to the shellac hitherto used for binding purposes and derived

from India.

During a visit to the Lacey mine in Ontario, the largest phlogo-

pite mine in the world, Mr. Hobson was impressed with the effi-

ciency of modem machine drilling and deep hole blasting. As the

mica within the Indian pegmatites is much more scattered and

the danger of damage to the mica correspondingly less, such methods

should be eminently suitable for exploitation in this country. Skill

is required in determining the blasting charge necessary to break the

ground without shattering it.

There is undoubtedly a tendency towards the greater utilization

of mica for almost any type of insulation problem. Micanite tape,

flexible micanite, moulding micanite, heat-resisting micanite, etc.,

can be used for such purposes, except where the insulating material

must be poured into position.

Considerable efforts are now being made in South Africa and

other countries to market a better dressed and graded product,

and should this be accompanied by the training of the cheap labour

available in the art of making splittings, the Indian position in the

trade would to some extent be threatened.

Monazite.

Mr Vinayak Kao noticed grains of monazite in the natural

concentrates formed by the river Kalab, Jeypore Estate, Madras.

Jejpore Estate ;
As the area drained consists mostly of char-

Madrif. nockite, it seems probable that the monazite

was derived therefrom.

Petroleum.

Mr. B. B. Gupta, while surveying in the Lower Chindwin district

of Burma, noticed a seepage of oil about half-a-mile north-west of

Nyaungbinle (22° 20'; 94° 39' 30') in the

WdTBurma!^ Pondaung sandstone close to the faulted boun-

dary. Two other seepages were noticed in the
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neighbourhood and though not active at the present day there

can be no doubt that they were so at no romite poriol. One of

these seepages is tmderstood to have been tested by a trial boring

without any favourable result.

North Arcot district

Madras.

Pyrites and Pyrrhotite.

The pyrites deposit of Polur in the North Arcot district of Madras*

mentioned on page 50 of the Records of the Geological Su^ey of

India, Volume LX, page 50, was further opened

up by Field-Collector A. K. Dey during the

field-season 1926-27. The pyrites occurs in

lenticular bands between basic chamocldtes and quartzites of pre-

sumably Dharwar age, and is associated w^'th a pegmatite. The

width is about 4^ feet but is variable. Pits put down to a depth

of 13 feet showed no diminution in width. Pyrrhotite was found

in association with the pyrites which has been transformed into

limonite at the surface and sides. Opal was found as a thin film

on the surface of the pyrites, concentric in shape, showing secondary

deposition at the surface.

An analysis of a sample of the py^ite^ in the Geological Survey

laboratory, made by Field-Collector Dey, gave the following results :

—

SiO,

AI.Oj

Fe,;0,

Fe(8ulphi(]ic)

Ni

MnO,
MgO
CaO

80a

8

K^O
NftaO

HaO +
H,0

17*28

8*72

17*32

31*06

Trace

Trace

1*02

•98

0-

91

2016

•18

1-

38

1*40

•52

100*93

This analysis and the one made by Mr. V. S. Rajagopalan (Sec.

Bee. Ged. Surv. Ind., LIX, p. 60) give about the same amoimt of

Bolphtir. The pyrites deposit occurs in lenticular patches and is

likdy to continue in depth.
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Refractories.

During the field season, Dr. J. A. Dunn made an examination

of several deposits of aluminous refractories in Northern India,

with the object of obtaining some idea as to the resources available

in the country. During the last few years the minerals sillimanite

and kyanite have been found to possess a particular value as re-

fractories in the ceramic industries. It has been foimd that, on

heating, these minerals change to a material called mullite

(3Al20j.2Si02) and a peculiar glassy material, in part cristoballite,

the former occurring as an intricate network of lath-shaped crystals

in the latter. If free AlgO,,, e.g, conmdum, is present, there is a

greater amount of mullite developed relative to the glassy base.

The resulting composite material has a rather low coefficient of

expansion, high melting point, and considerable strength at high

temperatures. Its peculiar properties render it ideal as a refractory

material. So far as is known India possesses far greater resources

of the minerals sillimanite and kyanite than any other country.

The deposits of sillimanite and corundum in Assam occur in

the neighbourhood of Sona Pahar north of the village of Nongma-

Aswun
^ Nongstoin State. The area may be

reached by motor lorry from Gauhati, 36 miles

west as far as Boko, thence 12 miles south by bullock cart to Haima
at the foot of the Khasi Hills, and finally some 2 days’ march south

into the hills for 23 miles. The area is on the Khasi Hills plateau

and the height above sea-level is about 3,000 feet.

The sillimanite-corundum deposits are associated with such high-

ly aluminous rocks as cordierite-biotite-quartz-microcline-gneiss and

sillimanite-quartz-schists. The majority of the deposits consist

mainly of massive sillimanite with a little corundum
;
one or two

are almost entirely of corundum and several are entirely of silli-

manite. Impurities are not abundant and consist mainly of rutile,

a very little biotite, and iron ore. There are some thirteen different

deposits occurring over a belt some 3 miles long by 1 mile wide.

It is quite likely that the belt extends over a greater length than

that surveyed.

In est mating the quantity of material available it is difficult

to arrive at any definite quantity, owing to the peculiar ‘‘ segrega-

tory ” nature of the individual deposits, and to the fact that a very

large amount of the ' material is completely decomposed, However,

reckoning down to a depth of only 10 feet for the majority of the
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deposits, Dr. Dunn estimates that there is at least a total quantity

of 83,000 tons available, including float ore. This must be regardai

as an absolute minimum
; the actual quantity could easily be many

times this amount.

In judging their economic value the location of these deposits

is a grave disadvantage, and under present conditions transport

difficulties would make freight high.

The deposit of corundum-sillimanite in Rewa State, Central

India, is near Pipra, a small village in the extreme south-east comer

^ of the State, about 5 miles from its eastern
Rcwfl

and southern boundaries. The deposit is asso-

ciated with sillimanite schists and pyroxene-bearing rocks. The bed

of corundum is about half-a-mUe long by about 70 yards wide.

Reckoning on an average depth of 30 feet, the total quantity of

corundum available was estimated by Dr. Dunn to be at least

100,000 tons. Of sillimanite the estimated quantity is 1,000,000

tons of very poor quality, with perhaps 100,000 tons of good material.

The possibility of exploiting the better class sillimanite is, however,

limited owing to its intimate admixture with the impure material.

Apart from this latter fact, however, there is the additional dis-

advantage of the very high freight to Calcutta. At present it is

carried by bullock pack to Mirzapur, some 120 miles. Transport

costs could be considerably reduced by constmcting a bullock cart

track to the bank of the Son River, whence the material could be

floated down the Son and Ganges Rivers on barges.

The deposit of corundum and sillimanite in the Bhandara dis-

trict of the Central Provinces is at the foot of a small hill about

Bhandara
;
Central 1 south-east of Pohra village. This vil-

Provinces. lage is 3 miles as the crow flies south-south-east

from Lakhni, which is 13 miles east of Bhandara town and on the.

main road. The hill is formed of a N.-S. striking bed of quart-

zite which dips to the west at a high angle and is flanked on either

side by sillimanite-bearing muscovite-schists, the muscovite varying

from merely an occasional constituent to the dominant mineral

in the rock. Another rock-type associated is a fine-grained tour-

maline rock usually containing sillimanite needles and traversed

by veins of sillimanite. The massive sUhmanite is found associated

with this tourmaline rock, usually as veins or as irregular replace-

ment masses up to 6 feet across. Such massive sillimanite was

fmmd only by Dr* Dunn at oi^ ^int in situ, over an area of 40
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feet by 60 feet, but debris indicates, perhaps, a wider distribution.

The massive corundum was not found in situ ; all the corundum

now being obtained is found in the hill-wash at the north foot of

the hill over an area of 100 by 100 yards. Dr. Dunn considers the

deposit to be negligible since the amount of ore cannot exceed more

than 100 tons each of corundum and sillimanite.

In the neighbourhood of Rengadih near Barahabhum Station on

the Purulia-Sini branch of the Bengal-Nagpur Railway, several

Barabhum ( “Baraha-
occurrences of kyanite rock are found over a

hhum ”) ; Bihar and narrow east-west belt extending from about
®*^*®®*

I mile east of Salbanni to just south of

Ichadih, a total length of about 7 miles. The rock with which the

kyanite is associated is a mica-schist, occurring along the boundary

of the Chota-Nagpur granite-gnesis. Indeed, some of the kyanite-

rock was found to occur in mica-schist which is included in the

granitic rock itself. The mica-schist is a pure muscovite-quartz-rock.

Another associated rock is tourmaline-quartz, frequently banded, and

often so riddled by white quartz that it has almost the appearance

.

of a breccia. Tourmaline-rock is formed by replacement of the mica-

schist. Dr. Dunn describes the kyanite rock as occurring in

small irregular masses up to b feet in length in the mica-schist. Much
of its seems to have been altered to muscovite by crushing and the

addition of alkalies, and originally the kyanite-rock was probably

far more abundant than now. A peculiar feature is the occasional,

but rare, occurrence of crystals of blue corundum in the kyanite

rock.

According to Dr. Dunn it is doubtful whether 100 tons of good

material could be collected easily, and even if more could be obtained

by closer prospecting and greater expense, the value of the material

would be discounted by the amount of muscovite present.

There is a series of deposits of kyanite-rock extending over a

belt some 70 miles long in the Singhbhum district, Bihar and Orissa,

sirighbhum ; Bihar passing through the native States of * Eharsa-
and Orissa. and Seraikela, and the Dhalbhmn sub-

division. The main rock of this belt is a muscovite-schist, but

hornblende-schist is very frequently met with. Thejmica-schist

often contains large crystals of staurolite and garnet. Dr. Dunn
observes that the rock with which the massive .kyanite is usually

associated is a kyanite-quartz-rock or granulite. At Lapsa Bum
this rock is found in enormous beds, the massive kyanite apparently
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oocuiring as segregations in the more acid rock. Very frequently,

as a secondary alteration product of the kyanite, a topaz granulite

is found. Corundum is a common mineral in the massive kyanite-

rock. Rutile, as in all these aluminous deposits of Northern India,

is also a constant constituent in the rock. There seems little doubt,

according to Dr. Dunn, that these deposits are the metamorphic pro-

ducts of highly aluminous clays, and in some cases apparently of

clays of a bauxitic composition.

The largest deposit is that at Lapsa Bum at the western end of

the belt. Here, the debris alone would, according to Dr. Dunn’s esti

mate, provide a minimum quantity of at least 234,000 tons of kyanite

rock ;
this, however, is given as a very conservative figure, the actual

available quantity being possibly 10 times this amount. Another

good deposit is at Ghagidih, about 3 miles so’^th of Jamshedpur,

where over 20,000 tons are available.

At Rakha Mines there are perhaps several hundred tons of

massive kyanite in the alluvium shed from the kyanite-quartz-rock.

In the remainder of the belt to the south-east of Rakha Mines there

is little or no massive kyanite-rock associated with the kyanite-

quartz granulite, but the latter may find a market, in the

future.

The mineral from Balram in Bamra State, Bihar and Orissa

Bamra State ; Bihar (see General Report for 1925, Rec. GeoL Surv.

and Origsa. /nd., LIX, p. 51), originally thought to be silli-

nianite has, on closer investigation, proved to be tremolitic

amphibole.

Ruby (see Qems).

Salt

Salt is of common occurrence in the Tertiary rocks of Upper
Burma and in the past a considerable industry in salt working was

carried on in the Sagaing district. E^u Lake
3'

;
96° 33') covers some 40 square mOes

and is a shallow, saline lake. In the past it

appears to have extended farther to the east and Mr. Bradshaw
reports that [traces of [the old workings are ^still visible. Low
hummocks in the soil-cap east of Padu mark the sites of the

debris from [the ancient sump holes and the 'fragments of multi*
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toddii of pots are stratified in the soil. Salt is found in the

Tertiary rocks which form the hills between Saye and Ondaw, as

brine weUs and springs, and as an efflorescence in the sandy

deposits which form the low ground. At Padu a tube well was

sunk some 100 fee in quest of water for the Agricultural Depart-

ment experimental farm. Some 1,200 gallons per hour of saline

water was obtained and it has been suggested that if the brine

content be sufficiently high this water m ght be evaporated for

the production of salt. There can be no doubt that the salt is

derived from the Tertiary rocks. In the area examined by Mr.

Bradshaw there was no active work in progress but in view of the

large quantities of salt which are imported annually into Burma,

the salt which occurs in this district might prove to be of economic

importance if it were worked systematically.

Sandstone (see Building Materials).

Sapphire (see Gems).

Spinel (see Gems).

Sulphuretted Hydrogen.

l^'prings charged with sulphuretted hydrogen were noticed by

lower Cblndwln dis- Mr. B. B. Gupta in the following localities of
trlrt ; Burma. the Lower Chindwin district, Burma :

—

(1) In the Sonda Chaung about one-and-a-quarter miles south-

west of Nyaungbinle (22® 20'
;
94“ 39' 30')

:

(2) In tihe small river about one-and-a-quarter miles north-west

of Thalauk <22“ 16'
;
94“ 40' approx.)

;

uud (3) In the . Tebowa Ghaung, abput three-and-a-quaiter mileB

uortlx-wett of Eabaing (22° 12' 30'
;
94“ 41' approx.).
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Tin.

B4r. P. Leicester observes that the tin mined around Mawpalaw

Taimg (16° 62'; 97° 46'. Sheet 96 E/13) east of Karokpi in the

Amherst district of Burma occurs in the late-

eluvial deposits at the foot of the hill,

which is composed of red, bufi and white

sandstone and banded quartsite associated with shales and mica*

ccous slate. The ore which is chiefly grey cassiterite appears to be

derived from small quartz stringers intruded into the sandstones

during the period of granitic intrusion of the province. The tin

has been concentrated in the eluvium of the hillsides and now appears

scattered through the latentic deposits in the vicinity of the hill.

Water (see also Engineering and Aflied Questions).

Samples obtained from a ten-inch hand-boring made by the

Norvh-Westem Railway at Rahim-ki-Bazar, about 33 miles south-

N.-W. Rtilway, Ra- Badin, Sind, and on the northern side

him-ki-Bazar, Sind ; of the Rann of Cutch, were forwarded to this
Bombay.

department in connection with a water-supply

question for the proposed Bombay-Sind Connection Railway.

These samples were determined by the Curator, Mr. A. L. Coulson,

and consisted mostly of sand and kankar to about 265 feet with a

conglomeratic band between 227 and 229 feet. Below 265 feet

clay predominated, and at the bottom of the boring, 377 feet, solid

rock was encountered in the form of a foraminiferal limestone and

gypseous kankar band.

The limestone contains specimens of the Globigerinid^ family,

but none of them was sufficiently preserved to be recognised gene-

rically. ‘Mr. Coulson remarks that in all probability the limestone is

Tertiary in age and might be one of the Tertiary limestones of Sind

(Blanford. Mem. Geol. Surv. Ind., XVII, pt. 1, pp. 37-66) or of Cutch

(Wynne. Ibid., IX, pt. 1, pp. 74-81). Certain of the limestones of

Sind die out to the south-west, near the Habb river (Blanford

;

op. cit.y p. 47), and Wynne states (p. 33) it is quite possible that

other east and west dislocations, similar to the great fault along

the northern face of the Charwar and Katrol range, Cutch, may
have occurred along the northern, sides of the Eureet and Bela

obain and likewise along portions of the sometimes strongly scarped
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hills which rise abruptly from the Rann on the northern margihjof

Catch.

Samples of water obtained at various depths in the bore-hole

were reported by the Chemical Examiner to the Punjab Govern-

ment to be unfit for human consumption and for locomotives. The

results of the tests are expressed in the following table :

—

Depth of pipe in bore-hole 56' 8^ 109' 3' 208' r 344' 6^

Date sample was obtained 2-1-1927. 6-M927. 16-1-1927. 27-3-1927.

Reaotion .... Alkaline. Alkaline. Alkaline. Alkaline.

Free oarbonio acid Marked. Marked. Marked. Marked.
Chloride as NaOl (parts per

100,000).

2,760 6,266 23,107 21,937

Nitrates .... Nil NiL Present Na.
Nitrites .... NO. NiL NiL NiL
Sulphuretted Hydrogen Nil NiL NiL NiL
Lime ..... Excessive. Excessive. Excessive Excessive.

Iron Traces. Traces. Traces. Traces.

Sulphates .... Excessive. Excessive. Excessive. Excessive.

To^ solids (parts per 100,000)

Hardness

4,281 7,310 30,730 Excessive.

fTemporary
(Qarke’s Scale) <

70 140 Excessive. Excessive.

Impermanent 420 660 Excessive. Excessive.

Total . 490 700 Excessive. Excessive.

Free ammonia Excessive. Excessive. Not estima-

ted.

Not estima-

ted.

Albuminoid ammonia . Excessive. Excessive. Not csLima*

ted.

Not estima-

ted.

A bore sunk to a depth of 860 feet at Drig Road, near Karachi

(Crookshank, Rec. Geol. Surv. Ind., LX, pp. 157-160), two bores sunk

by the North-Western Railway at Dabheji and Jungshahi in the

same district, and a boring made in similar rocks in Kathiawar, all

proved these Tertiary rocks to be impregnated with saline water.

It is not therefore considered advisable that the boring at Rahim-

ki-Bazar be continued through the limestone in the hope of^obtaining

a supply of fresh water.

In the General Report of the Department for 1926 {Records, IjX,

p. 68) it is mentioned that a report on the waterless tracts of .the

AUanmyo sub-division in the Thayetanyo dis-

^ trict was being prepared by Dr. J. Coggin

Brown. It is one of a series dealing with the

geology of the waterless areas in the dry zone of Burma generally

and the prospects of obtaining imderground supplies of water by

boring within them.

The difficulties which beset the question have been summarised

in the General Report referred to, and it is only necessary to state



75Part 1.] General Report for 1927.

here that they are no smaller in the case of the Thayetmyo district

than elsewhere.

The AUanmyo sub-division comprises that portion of the Tha-

yetmyo district which lies to the east of the Irrawaddy river. It

is divided into the two townships of Sinbaungwc and Allanmyo.

In the former there are three waterless tracts and in the latter nine.

SivJbaungwe Toumship .

—

Tract No. 1 .—Tract No. 1 contains the villages, Kyauksauksan

with a population of 1,200 souls, Daukhla village, population 80

souls, and Kyaukpyudaung, population 280 souls. These villages

lie between 450 and 670 feet, respectively, above sea-level and

between five and eight miles directly east of the Irrawaddy, about

latitude 19® 46', in sheet No. 85 M/2 of the one-inch-to-one mile

survey of Burma. They all possess tanks which dry up for three

months during the hot weather, when water has to be carried from

streams one to two miles away. According to the geological map
made by Rao Bahadur Sethu Rama Rau in the years 1914-15, the

three villages lie on Irrawadian rocks which occupy a wide area

hereabouts. There is nothing exceptional in the local structures

to lead one to suppose that the possibilities of obtaining underground

water at Kyauksauksan or Daukhla are otherwise than doubtful.

In the case of Kyaukpyudaung, conditions are perhaps a little

better, for rocks of Pegu age, which xmderlie the Irrawadian series

are found one mile to the east of this place. At the same time

boring here cannot but be regarded as risky.

Tract No. Tract No. 2 lies seven miles to the south-east of

Kyauksauksan. It contains the villages of Pozut and Pokolon with

populations of 280 and 400 souls, respectively. They both possess

tanks which dry up in March, when water has to be carried from the

Yebon stream tikree miles away. The local rocks^belong to the Irra-

wadian and boring is not recommended.

Tract No. 3 .—Tract No. 3 contains the village of Thittabwe, popu-

lation 120. It lies in the extreme south-eastern- comer of sheet No.

85 M/6 and has an elevation of over 600 feet above sea-level. It

is situated between the axes of two well-marked folds in the Pegu

rocks but it is doubtful if the expenditure involved in sinking a

tube well here is justified for such a small area. The best situation

for an experimental test lies on or about the synclinal axis to the

north-west of village, as far as can be judged without an exaw-
nation of tiie [ground^
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AUanmyo Township .

—

Of the nine waterless tracts in the Allanmyo township, only

two have been considered, as the remainder lie outside the area

which has been surveyed on the scale of one-inch-to-one-mile, by the

officers of the Geological Survey of India.

Tract No, 1 ,—Tract No. 1 is a small area containing the single

village of Gwegon, population 600, four miles to the north of Allan-

myo. It is located near the junction of the alluvial deposits of the

Kyeni Chaung with the Irrawadian rocks and Dr. Brown advocates

a search for shallow water in the alluvium to the south of the

village, rather than by boring in the Irrawadian.

Tract No, 2 ,—Tract No. 2 includes the villages of Thanat, popu-

lation 216, Pokolon 315, Yebaw 240 and Sangale 360. All these

villages suffer from water shortage in the hot weather, when supplies

for human beings are obtained from holes in stream-beds and cattle

are driven to the Irrawaddy river some miles away. Thanat, the

most northerly village, lies four miles east of Allanmyo. Sangale,

at the other end of the tract, is approximately five miles to the

south-south-east of Allanmyo, With the exception of Thanat, which

lies on Pegu rocks, the other places are all situated on the band of

Irrawadian rocks which rises to the east of the narrow belt of alluvium

deposited by the Irrawaddy river around Allanmyo and Ywataung.

In Thanat and Pokolon, additional surface supplies from shallow

wells may be obtainable. About Sangale, and perhaps between

it and Yebok, the question of tapping the “ water table ” of the

Irrawaddy river by means of deep boring arises, but as there is

practically no knowledge available as the result of experience on

this subject, such borings in these locations could only be regarded

as experimental.

Turning now to that portion of the Thayetmyo district which

lies west of the Irrawaddy river, waterless tracts occur in the town-

ships of Minhla, Mindpn, Thayetmyo and Kama.
Min/da Township,—

Trad No, 1,—Lebingyin, population 148, possesses a tank which

dries up in hot seasons, when water is brought from Paikthin in the

Minbu district, four miles away. It is situated in the broad expanse

of Irrawadian strata which occurs on the western flanks of the

Minbu anticline. Possibilities of obtaining suitable underground

supplies at reasozu^ble depths in this situation are renu^
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Tract No. 2.—Nyaimgbingjdn, population 220, is said to obtain

water from the Irrawaddy, three miles away during the hot weather.

This place is presumed to be identical with the Shaukpyingyin on

sheet No. 167 of the one-inch map. If this be correct, it lies on rocks

of Pegu age which dip to the north-east and possibilities here are

not much better than in the previous instance. It is a case where

an examination of the ground in detail is necessary before coming

to any decision.

Tract No, 3.—Tract No. 3 contains the villages of Kanni, popula-

tion 400, Kandok 620, Sinmagyat 265 and Didokkan 200. The first

three have no wells and in the hot weather water is obtained from

tanks up to four miles away. Didokkan alone has a tank and a

well, and when these fail, water is obtained from a stream two miles

away. Kanni lies at an elevation of 1,004 feet on a ridge which

forms the water-parting between two well-marked drainage systems.

The local rocks have been mapped as the Tabyin-Laungshe group,

which is pre-eminently a shaly and clayey horizon. Dr. Brown

considers that there are no prospects of underground water at Elanni.

Kandok is on rocks belonging to the Yaw-Pondaung group with

a high dip to the north-east. The geological situation at 1,081 feet

on a well defined water-parting is bad. Judging from the map alone

Dr. Brown does not recommend boring here.

Sinmagyat is five miles east-south-east of Kandok and is situated

on rocks of Pegu age, as is Didokkan, a further five miles away in

the same general direction. Both villages lie at approximately 1,000

feet above sea-level near the head of a watershed. A simpler remedy

than hazarding boring operations in cases like these would be the

construction of tanks to be fed by rain.

Mindon Township ,

—

The iVlmdon town-ship contains five waterless tracts :

—

Tract No. 1—lying outside the areas which have been geologically

surveyed.

Tract No, 2—containing the following villages :

—

(1) Kyaukpyok, population 140, with one well which is supple-

mented by water from the Inma Chaung, two miles

away
;

(2) Hmoktalon, population 98, with one well supplemented in

the same way ;

(3) Inbyit, population 331, obtaining its water in the dry weather

^m a stream one mile away

;
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(4) Yegyansin, population 46, with one tank supplemented by
water from a stream one mile away.

The area enclosing these villages is to be found on sheet No. 116

of the one-inch-to-one-mile survey. It was mapped in 1922*23

by Mr. E. L. G. Clegg and is covered entirely by rocks which he
grouped together as the Yaw-Pondaungs, of Upper Eocene age.

According to him an alternating sandstone shale facies prevails in

the uppermost beds and a sandy one below. The main range of

which the area forms part is said to possess a general anticlinal

structure but it is complicated by strike faulting. Mr. Clegg stresses

the high degree of lateral variation which has taken place in the

rocks hereabouts, and in the circumstances it is not possible

to generalise on the possibility of obtaining water in these localities.

A detailed examination of any proposed site is essential before a

definite opinion can be given.

Tract No. 3.—Tract No. 3 lies in an area which has not been

geologically surveyed and the same remarks apply to Tract No. 4.

Tract No. 4,—(See pjeceding sentence.)

Thayetmyo District .

—

There are four waterless tracts in the Thayetmyo township. As
they are nearly contiguous and all lie on a widespread area of

Pegu rocks they are taken together. The affected villages are enu-

merated below :

—

Population.

350

200
160

200

200

200

210

ilomarks.

No well or tank. Water ob-
tained from wells dug in the

stream bed. Supply scanty.

Ditto. ditto.

No well or tank. Water ob-

tained from Inle Chaung one
mile away.

No well. Inadequate tank.

Drinking water nom a well in

the stream bed. Other water
from Thaai, miles away*

No well or tank. Water from
the Ponohaung.

No well or tank. Nearest
supply at other villages, 2
miles away.

No well or tank. Supply from
holes dug in the stream bed.

Tract. Village.

Konniywa

1

Kyaukmo
Tayon . .

I^aukpyu

2^

c Akyisa . .

f
Okpon . % .

1

Banmagyi • .
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Tract. Village.

1

Population. Remarks.

Taungmyit .... 210 No well or tank. Water from
boles in the stream bed.

Supply scanty and poor.

Shanywagyaw 150 No well or tank. Poor drink-

ing watt‘r from the bed of the

Btieam. Ammals watered at

J*ani Chaung, 4 miles away.

Tract No. 1 and part of No. 2 lie on the south-west corner of

sheet No. 158, and the other two tracts in the western part of sheet

No. 159, of the one-inch-to-one-mile surve}. The last geologist to

report on the area was Mr. E. L. G. Clegg in seasons 1923-24. In

sheet No. 158 the two areas concerned lie on the middle sandstone

and lower shale divisions of the Pegu group, which are broken up in

many places with small faults. Konniywa has an elevation of 421

feet above sea-level but south and east of it is a ridge rising to heights

of from 1,300 feet to 1,700 feet. Alternating strata of shales, sandy

shales, sandstones and calcareous bands appear to form the ridge.

Around Kyaukme is a thick series of shales overlain by sandstone to

the west and south-west, which after being folded into a synciine down
which the Thazi Chaung flows, rises up to form the outer band of

sandstones of the well-known Monatkon dome, lying in the extreme

south-western corner of the sheet. The shales in the centre of the

Monatkon dome were also found by Mr. Clegg one-and-a-half mile

west of Wunledaung, which brings them to about the same distance

south of Kyaukme. It is possible, owing to this alteration of sandy

and shaly beds, that a favourable site might be found for a deep

tube well in the syncline towards the Thazi Chaung, but no guarantee

can be given that the water which might be met with would be

good, in view of the common occurrence of soluble alkaline salts in

the Pegu rocks generally.

The structure near Pyaukpyu is not so satisfactory.

The conditions which bear on this enquiry on sheet No. 159 to

the south, are, first of all, the predominantly shaly character of the

Pegu beds in the Kadetpyin-Sanmagyi-Myinba valley
;
these become

sandy in the uppermost layers immediately underlying the Irrawa*

dian sandstone to the east, while the high ground around the valley
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is formed by interoalatious of sandstone. West of this valley is

the Okpon dome. The outer band of sandstones on which Okpon
itself stands, is overlain by the shales of the Punchaung valley.

Neither Okpon nor Sanmagyi are suitably located for deep water

tests. The same remarks apply to the villages of Tauiigmyit and

Shanywagyaw which lie on Pegu rocks dipping to the south and

close to the overlapping boundary of the Irrawadian.

Kama Township .

—

The Kama township, Dr. Brown reports, has three waterless

tracts. The first of these lies in a geologically unsurveyed portion

on sheet No. 116.

Tract No. 2 is a small area containing only one village, Ky-
wetnwe, with a population of 100 souls. It is miles west of

Kama on sheet No. 160, has neither wells nor tanks and obtains

its water supplies from the Made ( haung, one mile away. It is

situated on the junction of Pegu rocks with the alluvial deposits of

the Made Chaung. If the alluvium be thick enough a shallow tube

well might yield a good supply of water, otherwise trials might be

made by shallow, hand-dug wells.

Tract No. 3 is a large area stretching along the right bank of

the Irrawaddy for approximately eight miles in sheet No. 161. It was

geologically surveyed some years ago by Dr. Murray Stuart, whose

map shows that it is entirely occupied by Kama clays —a divi-

sion of the Pegu group. As its name indicates, this series is

essentially a clayey one though it does contain sandstone bands

in places
;
the latter are not defined separately on Dr. Stuart’s map,

nor are dips of the strata recorded. For these reasons it is im-

possible to come to any definite conclusions regarding the possibi-

lity of underground water in the tract. On general grounds Dr.

Brown considers it an unpromising one.

The affected villages are listed below :

—

Population.

ft5

142

Remarks.

No well or tank. Water from
the stream. Distance one mile

One well at the pongyi-kyaung
;

supplemented by water from
the Irrawaddy river. Distance
five miles.

Villajre.

Onhne

Dangaing
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Village. Population. Remarka.

Tliitmozi ..... No well or tank. Water Irum
1 125 the Irrawaddy. l>i8taiioe five

Dagon J miles.

Pyaunggya 135

196

Leindon ..... 229
> Ditto. ditto.

Nyaunggaing .... 220

Pebin 54 i

1

Tlietkomyaung .... 20<» J

In the Kyaukse district of Burma, nearly the whole of the

Myittha Township lying to the west of the Thinbon Chaung and

, the Samon River, an area of approximately
Waterless tracts of _ i i j x i

the Kyaukse district, square miles, is classmed as a waterless

Burma. tract. It is found on Survey sheet No. 245

(93 7 and C/3) with extensions on to the adjoining sheets to the

north and west. For administrative purposes it is divided into the

three separate tracts of Hinnyangan, Thittetkon and Yogan.

According to Dr. C’oggin Brown’s report, the outstanding geological

feature of the region is a flat ridge of Upper Tertiary rocks trend-

ing from north to south and consisting of conglomerates and gritty

sandstones with rare bands of shale. These attain heights of over

600 feet above sea-level and have a high dip to the south-west, two

miles west of Gwe.

The possibilities of obtaining good imderground water from these

Tertiary rocks are remote, but conditions are more favourable on

the alluvial areas which surround them and from which they rise

;

especially is this so in the strip of alluvium forming part of the main

Samon belt, on the east of the dry tract.

In the case of the Kyaukse district, unlike others in the “ dry

zone,” the results of an experiment in boring are available.

A tube well which was drilled to a depth of 300 feet on a site at Taung-

dwin, a village on the spread of Upper Tertiary rooks, was a complete

failure. When these facta were brought to Dr. Coggin Brown’s

o
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attention he suggested another trial at Thittetkon, miles further

east, and within the alluvial area. A successful well was completed

here in 1926, which obtains its supply from a bed of coarse sand

76 to 88 feet below surface level.

The Hinnyangan Tract has only one village with 38 households.

It lies on alluvium, according to a geological survey by Mr. E. L. Q.

Clegg (1924-26), and underground supplies should be obtainable,

if the alluvial deposits prove thick enough.

The Thittetkon Tract is an important one with 11 villages con-

taining a total of 795 households. The scarcity period when no

water exists near the villages lasts from three to four months, when

supplies arc brought from streams which lie on an average about

two miles away. The following villages are within the alluvia

j

area :—Pyawywa, Sizongon, Wettcin, Tegyi, Thittetkon and Magyi-

gan. Thittetkon now possesses a supply in its tube well and smnlar

underground conditions j)robably })revail in the others, with the

exception of Pyawywa and Sizongon, where tliey arc not so favoura-

ble. The remainder are on the Upper T(Ttiary beds. The largest

village of the group, Owe, with 268 households, is almost on the edge

of the Tertiaries and a promising site for a tube well could doubtless

be found east of the village and Ixdween it and the Samon River.

Dr. Coggin Brown reports that the Yogan Tract has 9 villages

containing a total of 438 households, supplied by distant tanks and

water holes for three or four months, in years of drought. Borings

are not recommended in the cases of Ywatha West, Yogan,

Nyaungwin, Yitkan, Thabyetha and Kyadwin. Reconditioning of

old tanks and construction of new ones seem to be the only solu-

tion of the problem. Naahayo, Letpanbin and Nyaunggyit are

on, or near the Thinbon Chaung, which, however, is not a perennial

stream. The prospects of a successful tube well, between

Nyaunggyit and Nashayo appear to be fairly good.

There are three waterless tracts in the Mandalay district

;

two of these lie in the Singu township of the Madaya sub-division and

Mandalay district : one in the Patheingyi township of the Amara-

pura sub-division.

Tract No. 1 of the Singu township has an area of about four

square miles with five villages, Kadetchin, Yedwet, Pandin, Tayaw-

pingin and Pinle-in, containing a total of 226 households. The

village tanks are dry for four months in seasons of poor rainfall,

when water has to be carried from streams from J to 1 mile away.
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The group of villages is situated on sheet No. 241 of the one-inch-

to-one-mile survey, the most northerly being about Latitude 22°

27 and Longitude 96® 7'. The neighbouring rocks belong to the
Mogok gneissose group, which forms an irregular boundary with the
alluvium of th(j Irrawaddy valley. The possibilities of obtaining
underground water lie entirely in the alluvium, to the south-west
of Kadetchin and to the east of Pinle-in, and if the alluvium is merely
a thin skin overlying gneiss, the prospects are poor. If deep allu-

vial deposits persist up to the gneissic boundary, the prospects are

better, but not so good as they are further out into the plain on the

west.

The second tract, an area of one or two square miles only, con-
tains one large village, Yenatha, with 250 househokls. It possesses

surface wells and a tank. 'Fhese are suiiuient in years of good rain-

fall, but in periods of drought, water has to be carried fiom a stream

4^ miles away.

Yenatha is hve miles to the south cast of Linlc-in in Tract No. 1-

just described. It lies on alluvium with the nearest gneissic out-
crop, two miles to the north. Ur. Hrown rec ommends that the surface

wells should be deepened if th(*v have not passed through the allu-

vium and the outer layer of decomposed gneiss. The j)OssibiLities

of a tube well supply here de])end very largely on the thickness of

the alluvium.

The waterless tract of the Palheingyi Township coveus an area
of four or five square miles and contains nine villages with a total of

410 households. They all possess wells which dry up in the hot sea-

son, from mid-February to mid-June, even if the rainfall is fairly

good. At such seasons the villages of Yonbin, Kanbyin and
8hwepyi obtain water from a well tw^o miles away and the remainder,
Bok, Thetkegyin, Mingan, Zidaw, Sinbut and Yontha, from a spring
in Bok Hill at a distance of 4 miles, Bok, the centre of this village

group, is eight miles north-east of Mandalay. All the villages are
built on a narrow alluvial belt between the Lsolated gneissic hill of

Myotheindantaung on the west and the main outcrop of the Plateau
Limestone on the east. It is suspected that the alluvial blanket
is thin and that it overlies Plateau Limestone, which would account
for its inability to hold water for any length of time.

The alluvial deposits of the valley imder Mandalay contain
water-bearing sands and gravels and while there would be no objec-

tion to trial borings west or south-west of the Myotheindantaung

o 2
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ridge, uo guarantee can be given that borings in the area around
Bok, would be successful, owing to the probability of the occurrence

of Plateau Ldmestone at shallow depths below it.

At the request of the Public Works Department of the Govern-
ment of Burma Mr. E. J. Bradshaw was deputed to make a geological

Stdon Chaung Irri-
examination of the Sadon Chaung Irrigation

gation Project, Magwe Project. Preliminary investigations by the
district

, Upper Burma,
Works Department showed that the

construction of permanent irrigation works on the Sadon Chaung
would prove very productive and it was proposed to construct

a masonry dam, from thirty to forty feet high, so as to form a tank
near the village of Tanaunggwin, which lies on Survey sheet No. 84

Pyl2 about nine miles north-north-east of the town of Taungdwingyi.
The southern part of this sheet, including the reservoir area, was
mapped by the late Captain Walker who was killed while working
to the west of the area. The mapping of the sheet was completed
by Mr. E. L. G. Clegg during the 1925-26 field season and he incor-

porated Captain Walker’s field notes in his progress report for that

year.^

The beds mapped included Alluvium and rocks of the Irrawadian
and Pegu series.

The dam site and the impounding area lie wholly on Irrawadian
rocks which were closely examined by Mr. Bradshaw. The Jrra-

wadians lie beneath arenaceous alluvial deposits which are
capped by light loamy soil. The alluvium contains a good deal of

kankar in stringers and nodules and has occasional beds of conglo-
merate consisting of well-rolled boulders of quartz in a calcareous or
ferruginous matrix. The alluvium passes imperceptibly into the
upper strata of the Irrawadian series which consists of sandy
deposits, false-bedded, ill-consolidated and calcareous in the upper
horizons. Thin bands of conglomerate, similar to that found in the
alluvium, occur sporadically in the upper beds of the Irrawadian.
The chief member of the series is a pale green argillaceous sand
mottled brown by iron staining. Though this sandy rock weathers
like a shale and puddles when mixed with water, it is not imper-
meable and was soaked with rain water when seen by Mr. Bradshaw.
This rock is but partially consolidated and is very friable. It is

1 Bee ‘‘ Genera IReport for 1920/^ Bee. Oeol Sufv. Ind., Voj. LX, pp. 83-84.
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firm when dug into but rapidly disintegrates and crumbles when

exposed to air. This green clay sand is said to be imderlain by

firm brown clay. At the extreme north-eastern tongue of the

reservoir area there are exposures of a compact, gritty “ pepper-and-

salt sandstone containing small rounded nodules of grey shale

and yellow ochre and alternating with beds of shale. These strata

are thought to be of Pegu age by Mr. Bradshaw who remarks that

it is difficult to trace a precise boundary as the two series merge into

one another. All the strata in the impounding area show strong

current-bedding but the general dip is steady and to the south-west.

Trial pits had been sunk at the proposed dam site but at the time

of Mr. Bradshaw’s visit those in the bed of the stream were filled

in and the remaining two were obscured by debris which had fallen

into them. These pits showed alluvial soil followed by sand and

gravel indicating the past or present bed of the stream, while beneath

was green clay sand passing downwards into hard brown clay. The

strata attest the rapid lateral variation of the rock series.

In discussing the question of the impermeability or otherwise of

the rocks of the dam site Mr. Bradshaw remarks that though there

was heavy rain at the time of his visit the flows of the trial pits

were dry ;
he points out, however, that the surface water may have

drained out through the debris and through the obviously porous beds

which lie above the brown clay. He considers that the soil the sand

with gravel, and the clay sand are porous beds and that the clay

sand, or mixtures of it with the brown clay, might show but little

seepage for a certain pc^riod but in the course of time might disinte-

grate and be a sourct* of leakage which could not be adequately com-

pensatcAl by the sealing effect of the disposition of clay in the inter-

stices.

Firm cla}
,
thanks to its impermeability and high bearing strength,

is considered to be a good foundation for earthem dams and, though

not ideal, a really hard and homogeneous clay may constitute a

reasonably secure foundation for a masonry dam if precautions,

such as sheet-piling, are taken to prevent the spreading and welling-

up which might occur were it not so confined. Mr. Bradshaw

points out that the danger with clay foundations is that the bearing

strength may prove insufficient for the concentrated stresses of a

masonry dam and that in the case under consideration there is the

probability of the existence of lenses of ill-consolidated or perme-

able materials. The occurreiice in rivem of firm hard clay unmixed
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with sand is comparatively rare. If sand be mixed with the clay

the danger of seepage or undermining from above and of erosion

on the down-stream side is greatly increased and it may be doubted

whether it would be safe to construct a masonry dam on such

foundations. Mr. Bradshaw considers that if construction be

decided upon the clay at the dam site should be carefully examined

with regard to its thickness, texture and homogeneity and that the

site should be more thoroughly proved than has yet been done. In

view of the unreliable nature of the rocks themselves, the irregular

bedding and the rapid lateral variation, it would be essential to dig

a trench at least twenty feet deep on the whole length of the dam
site to prove the actual presence of the firm brown clay along the

whole line, and by drilling in the trench to ascertain whether there

is a sufficient thickness of this rock.

Mr. Bradshaw doubts whether the foundations will prove suit-

able for a masonry structure but considers that it would be possible

to construct an earthern dam which would itself be water-tight and

stable. He states that there are, unfortunately, other considera-

tions which are, to his mind, of sufficient weight to give reason for the

condemnation of the proposed site of the dam and of the whole

impounding area. The coincidence in this area of the Pegu-Irra-

wadian boundary with that of the Government Reserved Forest

is due to the porosity of the Irrawadian rocks and, indeed, the dry

zone in Burma owes its aridity to the permeability of the series.

Irrigation projects in Irra vadian areas must always bo examined

with care for it is almost a foregone conclusion that there will

be leakage. In successful cases the initial leakage decreases in

time owing to the deposition of clay in the voids of the porous sands

from the muddy impounded water which percolates through them.

The Irrawadian are unreliable rocks and forecasts as to their

behaviour are hazardous ; where, as in the present case, there are,

besides the porosity of the rocks, other objections to the choice of

any particular locality for an impounding scheme, the possibility

of success becomes remote.

The nature of the geological structure constitutes the first of

these additional objections. Throughout the impounding area the

flip is remarkably steady. At the dam site it is down-stream while

along the western margin of the impounding area it is outwards*

Such a structure would be undesirable in any area in which it was
proposed that water should be impounded. In one where the
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majority of the rocks are porous it is probable that the amount of

the initial leakage down the beds, and so out of the impoimding area

would be heavy and Mr. Bradshaw doubts whether it would ever be

suficiently reduced by the sealing effect of the clay carried by the

percolating waters. He points out that, speaking generally, in

the area under consideration the higher the horizon the great(‘r is

the porosity of the rocks. • The risk of leakage on account of the

structure is greatest along the western margin of the impounding

area where the dip is outwards and it is there that the youngest beds

are exposed. That these rocks are the most porous is a factor

which obviously increases the probability of serious leakage and

Mr. Bradshaw remarks that a further unfavourable circumstance

is that the impounding of water by a relatively high dam would

result in the submergence of still higher, and hence more porous,

horizons with a correspondingly increased amount of leakage from

the higher levels.

Discussing the topography of the proposed impounding area

Mr. Bradshaw notes its deceptive nature and how the actual im-

pounding area would be much smaller than what one would expect

at first sight. Above the dam site the stream makes a loop which

is almost a complete circle. Due east of the proposed site there

is a narrow tongue of high ground composed of loosely consolidated

arenaceous deposits with high and exceedingly steep cliffs forming

the banks of the stream. The breaching of this tongue of high ground

by the ordinary processes of mechanical erosion is but a matter of

time, and is taking place with unusual rapidity. The main factor

is the undermining of the bank due to the erosion of the stream,

especially when it is in spate. This source of erosion would be

almost entirely eliminated were the flooded stream to gave place

to the still waters of a reservoir. Though under-cutting by the stream

itself is the chief, it is not the only factor in the piecemeal erosion of

the high ground. Heavy rain fell throughout the period of Mr. Brad-

shaw’s visit and though this resulted in there being water in the bed of

the stream, the flow was negligible and erosion from that source was nil.

At least twenty landslips were counted in the banks of the stream and

though most of these were small some were of serious dimensions, the

largest being either at the dam site itself or on the further side

of the tongue of high ground due east of it. It is evident that the

ground in the neighbourhood of the dam site is unstable and^that this

must be the case is apparent when it is remembered that the high
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which form the bank of the stream and which in some places

approach the vertical, are composed of loose sandy deposits. The

high ground above the cliffs constitutes a catchment area from which

the surface water runs into the stream in numerous streamlets

all of which are cutting back rapidly. The lack of cohesion in the

rocks together with the steepness of the cliffs greatly ii^crease the

amount of erosion effected by rain alone. If two days’ rain can pro-

duce a large number of landslips it is clear that the amount of erosion

during the wet season will be severe and a serious menace to any

structure beneath the cliffs. In Mr. Bradshaw’s opinion it is doubtful

whether it would be possible to construct a dam which would not be

outflanked in the course of time. He considers that both from the

engineering and the geological points of view the instability of the

cliffs and their liability to erosion constitute a danger which should

not be underestimated when assessing the possibilities of the

success of the project.

With regard to the supply of building materials, materials suit-

able for the construction of a masonry dam are available in quantity

at the site of the dam. The clay sand and its mixture should

be avoided and only the firm brown clay used. Building stone

suitable for the construction of a masonry dam does not occur

in the immediate neighbourhood of the proposed site but some two

miles up-stream along the Sadon Chaung and the Thapain Yoh
there are large quantities of sandstone boulders of Pegu age.

Cart tracks exist and transport should be neither difficult

nor expensive. It is doubtful whether it would be possible to

find a suffici^cy of solid rock with an open face suitable for

quanying, but the sandstone boulders afford an ample supply of

suitable stone. At Htonbo, about two miles from Tanaunggwin,

there are old lime quarries. These were not examined by
Mr. Bradshaw but he understands that the source of the lime is

kankar and that the quality is not good.

In condemning this site Mr. Bradshaw considers it unlikely

that a suitable alternative one will be fcmnd within the Irrawadian

area and that such a site, if desired, should be sought for up-stremn

in the PtBgu region. Such a course would increase the difficulties of

constructing distribution channels but no alternative seems feasible,

except, perhaps, the substitution of a weir with direct irrigation from

the stream in place of the dam and reservoir of the present

project.
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The Public Works Department of the Government of Burma
reported that the present Sinbyugyi Tank near Tezu village, about

^ ^ ^ .
nineteen miles north of Meiktila town, Upper

Irrigation Project, Burma, which stores up the waters of the

U^*^r Bunna
’ Mondetyewin Chaung, had accumulated large

quantities of silt and its storage capacity had

been considerably reduced. The bunds of the Sinbyugyi Tank
were being raised two feet but, as the silt deposits continue, it was

expected that in the near future the maximum flood level would

reach the crest level of the embankment. In preference to under-

taking extensive repairs to the Sinbyugyi Tank it was proposed to

investigate the possibility of rebuilding the ancient Burmese

Tagundaung Tank which is at present in disuse, and Mr. E. J.

Bradshaw was deputed to report on the geological aspects of the

scheme.

The Tagundaing Tank is supposed to have been constructed

during the reign of King Anawrata about three centuries ago. The

remains of the old dam are visible in the Mondetyewin Chaung, the

feeder of the Sinbyugyi Tank, about two-and-a-half miles south-west of

T(‘Zii and take the form of an earthern bund about nine hundred

feet long and some sixty feet high from the bed of the stream.

The Irrigation Engineers consider that this would be the best site

for the new dam which would be of masonry or concrete arch type.

The catchment area of the Mondetyewin Chaung at the site of the

dam is approximately fifty square miles with a probable run-off

of about sixty per cent, of the total rainfall, which is about thirty-

two inches a year. The available run-off would, therefore, be of the

order of 4,460 million cubic feet. Rough figures show that the

storage capacity for the proposed tank would be about 428 million

cubic feet giving an irrigable area of about five thousand acres, or

a net increase of about three thousand acres. Streams in this part

of Burma are dry for a considerable part of the year but are liable

to sudden and heavy spates, usually in the months of June and

August. At the end of October there is again a shortage of water.

It is proposed that the surplus water from the Tagundaing Tank

should be diverted partly into the Mondetyewin Chaung and so

into the Sinbyugyi Tank and on the south side into the Natkan

Myaung. The first would have the effect of maintaining Sinb)aigyi

Tank as a subsidiary tank with greatly reduced and moderated

floods, and would considerably reduce the volume of silt deposited
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in it. The sluice on the south side, running parallel to the Natkan

Myaung, would command an area of about four square miles.

The site of the dam and of the impounding area lies within a

region of Pegu rocks, on Survey sheet No. 84 0/16 which was mapped
by Mr. E. L. G. Clegg during the 1924-25 field season. To the east

of the sheet there is a belt of alluvium on which the village of Tezu

is situated. To the west of this, running due north and south, there

is a ridge of low hills known as the Taungnyo Hill ranges and
composed of rocks of the Pegu series. The strata consist of alter-

nating beds of shale and compact, false-bedded sandstones with

occasional thin calcareous bands. The structure is a more or less

asymmetric anticline with the axis lying a little to the east of the

hill range. Small minor faults are common and it is probable that

further to the south a fault forms the broken crest of the anticline.

The site of the proposed dam is a breach in the ridge, which here

forms a natural embankment west of which the stream runs till

it cuts across it at right-angles at the site of the dam. The average

dip of the strata is about 35® to the west, or due up-stream at the

site of the dam. On the south side of the breach the dip is steady

along the line of the bund but swings slightly to the south-west at

its southern end, flattening for a short distance. Here, about two

hundred yards from the breach, there is a small stream which might

be adapted to form an escape channel provided the height were

suitable. North of the breach Mr. Bradshaw noticed a certain

amount of crumpling, while some of the strata south of the breach

show signs of buckling and have evidently been subjected to consi-

derable stresses. Two small faults were noticed south of the breach,

one about 100 yards south-east of it and the other near the small

stream referred to above. Both these faults appear to be sealed.

At the dam site itself there is exposed a rather coarse-grained,

micaceous, “ pepper-and-salt,” false-bedded sandstone mottled with

reddish brown iron-staining. This rock is tough and compact and

sufficiently impervious for all practical purposes. Eastwards it

becomes rather more argillaceous and friable while the clay partings

are more numerous. The sandstone beds average about 18 inches

in thickness and have very thin partings of papery shale or very

argillaceous sandstone. Occasionally the partings are calcareous.

The sandstone and the shale are often ripple-marked and sometimes

coated with efflorescent salts. North of the breach the sandstone

often contains small nodules of green-grey shale or yellow ochre,
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South of the breach the rock is finer in texture and is greenish buff

in colour. There are thin partings of very fine-grained, dark shale

which also occurs in the rock in the fonti of small, rounded nodules.

Though the coarse sandstone which occurs at the site of the

dam is itself practically impervious, it is freely jointed. The majority

of the joint planes are parallel to the bedding planes and so should

not greatly affect the tightness of the dam, but those joints which

cut across the bedding planes might be a source of leakage at first

;

the amount would probably diminish in time and the risk is decreased

by the fact that in many places the cross-jointing does not intersect

the shaly partings at all.

No pits had been dug to prove the strata at the site of the dam
nor was any information available as to the extent or shape of the

impounding area. In such circumstances it is not possible to give

a definite opinion on the suitability of the area for the impounding

of water and Mr. Bradshaw considers that his views should be

regarded as preliminary rather than final. He states that the sand-

stone which at the site of the dam is a tough and massive rock may
there be considered sufficiently impervious for all practical purposes.

The rock sequence itself, consisting, as it does, of an alternation of

compact sandstones and thin shale partings, may be pronounced

suitable for the retention of water. The geological structure along

the line of the bund is almost ideal, the strike being parallel to the

line of the bund and the dip inwards into the reservoir area. For

the reasons stated above the impounding area was not examined in

detail but the cursory examination made imlicated that in all prob-

ability it would prove water-tight.

The possibility of the existence of small, concealed faults which

might prove a source of leakage is perhaps, not serious since it is

to be presumed that the reservoir has been successfully used for

the impounding of water in the past. A more serious possibility is

that the breach in the ridge through which the stream runs may be

due to the presence of a fault plane. The fault, if it exist-, is

at present concealed by the alluvium but the buckling of the

strata in the vicinity of the breach and the existence of the breach

itself, make the presence of such a fault a possibility on which no

definite opinion can be given until the site is proved by digging. The

fact that while solid roi*k is exposed on the left bank at the breach

there is no exposure of any rock other than alluvium for some 100

^ards to the south of it, is probably due to the widening of the



92 Records of tiie Oeoloffioal Survey of India. [ VoL. LXI,

breaoli by erosion of the left bank on account of the right-handed

turn made by the stream.

It is recommended that trial pits or, better, a deep trench, should

be dug along the line of the proposed dam site to prove the presence

or otherwise of continuous solid rock suitable for the foundations

of a dam. For the greater part of the length of the proposed btmd

the work would merely consist of the raising of the present level

by a few feet. Good alluvial earth is available close to the reservoir

area and there is an abundance of good sandstone at the site of the

dam itself. The most suitable is, in Mr. Bradshaw’s opinion, the

tough, compact rock which occurs at the dam site and which should

be used in preference to the more argillaceous and friable types

which are found east and south of the breach. The sandstone is

freely jointed and easy to work.

Mr. Bradshaw suggests that should it be decided to construct

an earthern dam it might be advisable to build one with a core

wall because of the difficulty of bonding earthwork with the solid

rock which occurs north of the breach. He also notes that it is

where the present breach in the ridge exists that the embankment

will be wholly artificial, and suggests that it might be advisable to

cut the escape or overflow channels elsewhere rather than at this

point.

At the close of his field season in Sirohi State, Rajputana,

Mr. A. L. Coulson proceeded to Jhansi in order to examine a well

concerning which certain questions had been

asked by the Garrison Engineer, Jhansi. A
newer and a larger scheme for supplying water

to the whole of Jhansi Cantonment having been sanctioned mean-

while by the military authorities, the well in question was required

to provide only a temporary supply of 80,000 gallons of water daily.

As Jhansi is situated upon a tract of gneissose granite with

small stretches of alluvium bordering the rivers, and as this granite

is not water-bearing except in the upper decomposed portions,

there is no hope of obtaining artesian water by boring in the granites.

On account of the special local conditions prevailing, the area

tapped by the well in question may be considered potentially as

the elongated mass of alluvium of variable depth and width,

stretching upstream from the well. Near the well, there is a natural

undergtound dam of fresh granite and so the feeding effect of the

downstream alluvium may be neglected. In order to augment the
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supply of water, the well, wldch is connected to a smaller and deeper

well, could be deepened. As an alternative a stone gallery could be con-

structed from the smaller adjacent well stretching upstream between

the larger well, and the fresh granite cropping out on the far side of

the Baberi riven:. This latter method would be less costly but would

not have the advantage of increasing the actual storage capacity

of the large well by 120,000 gallons (from 160,000 to 280,000

gallons) which would be the result of deepening the larger well by

10 feet, its diameter being 50 feet.

With the oncoming of the hot weather and the continual removal

of water from the natural underground reservoir, the water-level

drops and, as Mr. Coulson remarks, such a drop might be sufficient

to isolate the potential reservoir into a number of smaller discon-

nected ones. The annual rainfall of Jhansi and its district is about

38*5 inches but, assuming a minimum annual fall of 15 inches and

a drainage area affecting the well of 2 square miles, the minimum
amount of water falling annually to replenish the reservoir is about

436,000,000 gallons ; if but Jth of this were available after nm-off

and evaporation, it would be sufficient to provide 200,000 gallons

of water daily provided it were ideally available throughout the whole

year. Actually, only 30,000,000 gallons are required annually and

in the monsoon the 7,500,000 gallons pumped may be considered

as being obtained from the run-off portion of the annual fall, thus

leaving but 22,500,000 gallons to be obtained from the natural

reservoir during the remaining 9 months. An actual working test

alone will tell whether this will be available but, as calculated above,

the fall is ample to replenish the reservoir by more than this amount.

A previous test showed 160,000 gallons of water per diem in the

hot weather but the test was carried out after a heavy thunderstorm

and the water was not taken sufficiently far dowmstream to ensure

that it did not percolate back to the well. A new test was to be

made and if the supply of 80,000 gallons were maintained, then the

probabilities of it being available throughout the whole year would

be good at the same time. It must be remembered that such a test

does not repeat actual working conditions inasmuch, for the months

following the monsoon, the supply has not been drawn upon to the

extent of 80,000 gallons daily.

Acomding to Mr. Coulson there are abundant natural sub-

terranean dams throughout the cantonment area along the courses

of the Baberi and Dhobi rivers ;
the latter is better provided with
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water-storing alluvium but its drainage area is chiefly the canton-

ment itself and for reasons of purity of supply, the Baberi river is

to be preferred. Should any large supply bo required, cither a

series of wells would have to be sunk or else a supply obtained from

a more favourable source without the cantonment limits.

OEOLOaiCAL SURVEYS.

Whilst examining the sillimanite-corundum deposits in the neigh-

bourhood of Sonar Pahar (near Nongmaweit village), Nongstoin

,
State, Khasi Hills, Assam, Dr. J. A. Dunn
made some notes upon the geology of the

Khasi Hills plateau. From the Brahmaputra plains southwards

the greater part of the plateau is seen to consist of a granitic rock,

often gneissic in texture. It varies from a line-grained rock fre-

quently finely banded, to a coarse porphyritic rock, which also

usually shows a certain amount of banding. In colour the rook

varies from white to red. So far as could be determined, this

granitic rock is intrusive into all the other metamorphic rocks —
mainly hornblende-schists and mica-schists —passed over on the

march.

In the vicinity of Sona Pahar the dominating metamorphic

rock is a sillimanite-cordierite-biotitc-quartz-microcline-gneiss with

which is interbanded a sillimanite-quartz-schist. An additional rock-

type is an orthorhombic pyroxcne-diopside-felspar rock. There has

apparently been a considerable amount of folding, but the general

strike of the rocks is east and west.

The origin of the cordierite-bearing gneiss and the sillimanite-

quartz-schist is not clear. There is no doubt, however, according

to Dr. Dunn, that they are interbedded and the simplest sugges-

tion would bo that they form a succession of highly aluminous

sedimentary beds, the sillimanite-quartz-schist representing an

extremely pure variety of clay. It is within this aluminous series

that the sillimanite-corundum deposits are found.

The bottoms of the wide valleys are usually covered with a

thick peat deposit.

During the field season 1926-27, the Bihar and Orissa party

consisted of Mr. H. Cecil Jones ^in charge), Dr. M. S. Ejrishnan and
Qihtr and Orissa. Sub-Assistant L. A. Narayana Iyer.

(Bonol oflMl Keonjhar
SUtoi).
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Mr. Jones continued the systematic geological survey of the iron

ore area in the Feudatory States of Bonai and Keonjhar, and worked

on the Bihar and Orissa standard sheets Nos. 73 0/1 and 0/5. The

geology of the area worked over is very similar to that gone over

last season. The Iron Ore series occupies most of it. Oood
sections through the iron ore range are not often seen, but the Samaj

stream breaks through the range near Toda (21^^ 59' :
85"^ 11') and,

about 12 mile^ farther to the south, near Dumaro (21° 50':

85° 07'), the Kurhadi stream breaks through, and at each of these

points are excellent sections through the range. In the former case,

the banded haematite quartziti' which forms the backbone of the

range seems to be very folded and is generally bent into a steep

anticlinorium, whilst in the latter case the bedding, which strikes

N.N.E.— S.S.W. and dips about 70° to the W.N.W., appears very

regular
;
although folding and faulting are fairly common, these do

not seem to affect the general strike and dip of the rocks. In the

Kurhadi stream gorge there is a thickness of about 2,500 feet of the

banded tuematite quartzite exposed. At the west end of the gorge

tlu^ quartzite is overlain by thick flows of basic igneous rock (mainly

epidiorite), which in places has penetrated along the bedding

planes and cracks in the upper beds of the quartzite, but seems to

have had little effect on it. The country at the east end of the gorge

is largely covered, and the rocks underlying the quartzite are mainly

shales.

An interesting occurrence of volcanic ash, in which are numerous

well rounded volcanic bombs, was noted in the above mentioned

basic igneous rock. The ash bed is exposed in the Kurhadi stream*

course near Dadan Raikcla (21° 53' : 85° 06') as a fine-grained

greenish-grey somewhat schistose-looking rock, in which a number
of well rounded and sometimes angular boidders, up to a foot or

more in diameter, occur. The rock forming these rounded masses

is a rather hard, fine-grained, compact epidiorite, and has quite a

different appearance from that of the ash in which it has been

embedded. It sometimes contains areas of v\liite quartz which were

probably steam holes when the rock was in a molten condition.

The conglomeratic sandstones noted by Mr. Jones last season

were fotmd to extend only a very short distance to the south before

the granite appeared. The small exposure of these sandstones in

the area gone over did not give sufficient evidence to decide their

age.
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In the extreme south of the area worked, the banded haematite

quartiate and shales of the Iron Ore series appear to be bent into

a north-easterly pitching overfolded synclinomm, the western arm
forming the main iron tre range, the rocks of which strike roughly

N.-S, or N.N.E.-S.S,W., with a dip of about 70® in a direction W.
or W.N.W. The eastern atm strikes roughly N.E.-S.W. with a dq)

of about 30 to 40® to the N.W. Although there are considerable

quantities of good hasmatite in the eastern arm area, the replacement

appears to be not nearly as extensive or complete as m the

western arm.

Mr. Jones paid two visits to the prospecting work being carried

out by the Tata Iron and Steel Co. at their Noamondi iron mines

in the Singhbhum district. Mining work has

been started on a fairly large scale and the

output, when the mine was visited in early April 1927, was about

1,500 tons daily. This mining work has proved that some of the

shaly ore can be used in the blast furnaces. This shaly ore is often

rather friable and there is a considerable amount of waste of hues

during mining, transport, etc. The prospecting work has also shown

that the area is very broken up by faults, so that a larger

number of prospecting pits and borings would be necessary to

obtain anything like a reliable estimate of the quantities of iron ore

on the property.

Inspections.

The geological mapping of Keonjhar State, Bihar and Orissa

which was commenced in the last field-season, was continued by

Dr. M. S. Kxishnan during 1926-27. The area mapped lies in Survey

sheets 73 F/12, G/5, G/9, G/10 (1 inch=l mile).

The geological sequence in this part of the country is the same

as that given for the adjoining region in the General Report for the

last season (iZcc., Geol. Surv. Ind.y LX., p. 77). The oldest

rocks, which are of older Dharwar age, are confined practically

to sheet 73 F/12, except for a small area to the west of Eondraposi

(21® 48' 30'"
;
86° 31') in sheets 73 Gy6 and G/9. A number bi irre-

gular inclusions are also found amidst the granites. They consist

of hornblende and mica schists, and quart2dte8 ; these last show

signs of crushing, the fragments having be^ re-cemented by secondary

silica. Microscopically they are seen to consist of quarts grains

with sericite as the cementing medium.

Veins of* quartz sometimes traverse the planes of sohistoeily in

the schists, and seem to belong to the period of granitic intrusions
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since they are free from the effects of pressure prominent in the

schists. The usual direction of strike is N.-S., or between this and

N.N.W.-S.S.E. ; the dip is always high, and frequently vertical.

The Iron Ore series, composed of sandstones, shales, banded

hematite quartzites, and shales, in ascending order, occupy the whole

of sheet 73 Q/5 and the adjoining western edge of sheet 73 Q/9.

The lowermost beds are sandstones, with bands of quartzites and
conglomerates. These dip at 15*^ to 25° in a direction which

varies between W.15°N. and W.15°S. The conglomerates contain

pebbles of quartz and jasper ; the latter are not found as consti-

tuents of the older Dharwars in this area, and hence may either have

come from a distance, or have been derived from beds which have

since disappeared through denudation.

Field evidence shows the existence of two series of shales, one

above, and the other below, the banded hLematite quartzite. Owing

to their lithological similarity, distinction between the two shales

is difficult. There is probably a slight unconformity between the

lower shales and sandstones. The shales strike, on an average,

in a N.E.-S.W. direction, the dips being fairly high. The alteration

of shales to laterite is a wide-spread phenomenon. At some localities,

more favourable conditions have given rise to p ockety segregations

of iron and manganese ores (limonite, hematite, pyrolusite, wad,

psilomelane, etc.).

The banded hematite quartzites are conformable to the shales.

They are composed of alternating bands of hematite and quartz,

the average thickness of single bands being about 1/lOth inch. The

rocks arc considerably folded with a dip in a N.W. to W.N.W.
direction at usually 30° to 60°.

Parts of the area, particularly the hills composed of banded

ht^matite quartzite, are capped by iron ore which is a product of

metasomatic replacement of quartz layers by the ferric hydrate

carried down by percolating waters. The presence of organic acids

derived from decaying vegetation and a fluctuating water-table,

should have facilitated the replacement. The quartz leached away

during the process of replacement is frequently seen at the foot of

the hills, or in the immediate neighbourhood.

The granites are intrusive into and younger than the above-

mentioned formations, and occupy nearly the whole of sheet 73

G/9, and the part so far mapped in G/10. They generally bear

mion^diiie, and are poor in ferro-magnesian minerals. Veins of

H
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quartz and pegmatite seem to be common but Dr. Kriflhnan has,

BO far, come across none of the minerals associated with large mas^
of granite. This points to the complete absence of any mineralis-

ing influences.

A granite-porphyry occurs in an exposure near Nardupur (21®

69' 30^ 86® 33').

Belonging to the same granitic suite, is a dyke of rather peculiar

sub-acid composition, stretching from Sosang (22® 1'
;

86® 40', m
sheet F/12), to near Khuntapoda (21® 62'

;
85® 36' 30^ in sheet G/9).

The specimens collected from this dyke show types varying from

almost pure micro-pegmatite (sp. 36/502; slide 17,468) to augite-

diorite with interstitial micro-pegmatite (sp. 36/516 ;
slide 17,480, etc.).

Most of these show a fair amount of greenish epidote.

The youngest of the formations are basic igneous rocks, seen

mostly as dykes in the granite region and as sills in the Iron Ore series.

'The majority of the dykes trend conspicuously in a N.30®E.

—

S.30®W. direction, which corresponds, in some parts at least, to the

direction of one set of joints in the granite.

The petrographic types include gabbros, dolerites and basalts

;

they are devoid of olivine and rhombic pyroxene, but enstatite-augite

is sometimes, and interstitial micropegmatite almost always, pre-

sent. This last characteristic may either be due to the absorption

of siliceous material from the granite, or may be a peculiarity of

the basic magma itself. There is a great deal of similarity between

these and the trap dykes of Cuddapah age in the Madras Presidency,

and the dykes in the Bijawars and Gwaliors (sec Sir T. H. Hollafid ;

i?ec., Geol Surv. hid,, XXX., pp. 31-37) which suggests that all

these may have a community of origin.

During the field-season, 1926-27, Sub-Assistant L. A. Narayana

Iyer was engaged in the geological survey of the. Kolhan Govern-

ment Estate, Bihar and Orissa, on standard sheets 73 F/3, F/7,

F/11 and F/16. Sheets F/11 and F/16 have now been oom-

p eted.

Eocks met with included the older metamorphics as inclusions

in the Singhbhum granite, the Iron Ore series including the acid and

basic volcanic rocks, and the newer dolerite.

The rocks of the Iron Ore series in sheets F/3, F/7 and F/11

are described, as consisting mostly of shales, which show little evi-

dence of metamorphism, and in some places even no cleavage, but

are massive and eaxihyit These shales of^ pass into a white^niay or



Pabt 1.] Oeneral Report for 1927, 99

kaolin, of which some of the hills are made up. In one place this clay

was worked for some time for kaolin. The shale is sometimes

sandy, sometimes silicihed and often passes into the dark carbo-

naceous shale. There are also thin bands of interbedded sandstones

in the shale, and these sometimes form bold ridges. The
shale varies from an earthy brown colour to almost a pure

white.

The igneous rocks of the area are both acid and basic. In the

white shale on some of the hills occurs a gritty rock, which

on examination is seen to be either an altered acid volcanic tuff or

a sheared quartz porphyry. The latter is a devitrified ancient

lava. The ground-fabric of the acid rocks is so similar to the shales,

that some at least of the latter may have been derived freun these

volcanic rocks. Similarly some of the darker shales are derived

from the weathering of the dolerites.

In sheet F/7, the basic volcanic flows or sills are found to a

greater extent than in sheet F/11. They have been found in the

north-east corner of the sheet, in the central portion and west of

Sangajata. The first mentioned are in continuation of, and more

or less in the same strike with the Saidba volcanic flows mapped
by Dr. Dunn in sheets, F/G, F/10 and F/14. A larger development

of the basic flow is seen round Kendbai in the Leda Reserved

Forest
;
here the flow consists of numerous bands of dolerite with

intervening shale (at times carbonaceous) extending from the

neighbourhood of Kendbai W.S.W. towards the Karo River. There

are also further bands south of this area running west of the main

ridge, Patum Bum, and also thin bands running along it on its

eastern flank. Some of these bands west of the main ridge cross

the Karo and are found in the hills of the Ambia Reserved Forest.

The dolerite in the areas is somewhat altered
;
the pyroxene has been

changed to chlorite, the plagioclase to sericite and saussurite

liberating quartz, while the ilmenite has all been changed to

leucoxene.

Mr. Iyer puts forward the view that south Singhbhum was an

area of volcanic activity as well as north Singhbhum, but that the

basic sills and flows do not cover such large areas as in north Singh-

bhum. An additional interest lies in the presence of acid volcanic

rocks in close proximity to basic while the rocks of north Singhbhum

show all stages of metamorphism; their supposed equivalents in

south Singhbhum have undergone little change.

H 2
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Wtilst investigating deposits of kyanite in this Province,

Dr. Dunn made a traverse through Kharsawan and Seraikela States

^ .
and the Dhalbhum sub-division of the Singhbhum

BilitrandOrlua. ^ • x
distnct.

During this traverse he noted that the beds in north Singhbhum
which he has classified as the equivalents of the Iron Ore series continue

south-east into Dhalbhum and carry the same metamorphic facies.

From the general east-west strike of the rocks in north Singhbhum

there is a gradual swinging of the strike to the south-east so that

ultimately in the south-east of the area the strike becomes south-

south-east, continuing into Ma3airbhanj State.

Dr. Dunn examined the kyanite deposits of Barabhum in the

Manbhum district, and is of opinion that the contact between the

Ghota Nagpur granite-gneiss and the Iron Ore series is not a fault

jimction, as indicated on the old maps, but a natural intrusive

contact. There is, however, apparently an impersistent line of

fault some distance to the south of the boundary of the granite-

gneiss.

During the field season 1926-27 the Burma Party consisted of

Dr. J. Coggin Brown (in charge), Messrs. E. J. Bradshaw, C. T.

Burma Party. Barber, P. Leicester, V. P. Sondhi and B. B.

Gupta.

Mr. E. J. Bradshaw resumed the survey of the Sagaing district

but contracted malaria and enteric and had to close camp
after a week’s work on sheet 84 Nyl6. At
the south-eastern margin of the sheet a ridge

of Archsean rocks runs due north and south

on the right bank of the River Irrawaddy and consists of gneiss

with schist and bands of crystalline limestone on its western flank

or forming minor hills west of the ridge. The limestone varies from

a bluish-grey, laminated rock to a pinkish white marble, usually

in thin, discontinuous bands, and is closely folded. The cleavage

planes were observed to dip at about 30° towards the east ;
the

bedding is parallel to the foliation planes of the gneiss and usually

approaches the vertical, but flattens eastwards to about 45°.

Three miles east of Padu the limestone occurs as bands in a

weathered, greenish, biotite schist with the biotite passing into

chlorite. The rock in the main ridge is fresher, the predominating

t3^pes being a pale-grey or white, finely-banded gneiss composed

mainly of quartz and felspar with a subsidiary ferro-magnesian

Ssgaing
Upper Burma.

district,
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mineral which ia usually biotite but sometimes hornblende. White

quartz is copiously injected as veins and stringers into all the Archesan

rocks. The schist often weathers like a shale, breaking into small

iron-stained discs and decomposing into a pale green, calcareous

clay.

On the western flanks of the ridge there is a considerable amount

of debris which sometimes takes the form of a boulder bed with boulders

of quartz or of the various types of gneiss in a matrix of calcareous

quartz gravel, the included boulders being angular, sub-angular,

or rounded. Eastwards this deposit passes downwards into

weathered gneiss in situ, and westwards into the quartz gravel

which underlies the dark soil-cap of the low ground. This quartz

gravel is similar to the matrix of the boulder bed and consists of

a calcareous grit or gravel with small, usually unrounded, pebbles

and boulders of quartz, gneiss or limestone. Though false-bedding

was noticed in places the rock is more or less incoherent. The

general dip is uncertain but is probably low and towards the W.N.W,
The size of the pebbles increases steadily as the ridge is approached

until the deposit merges into the low scree of debris from the ridge.

The determination of the age of this deposit requires further field

work. Though no fossil wood was noticed and though the

deposit has clearly been derived locally rather than transported,

it will probably prove to be Plateau Gravel rather than Older

Alluvium.

In the hills between Saye and Ondaw the calcareous quartz

sand or gravel is underlain by a Tertiary series of thin beds of sand-

stone with intercalated, crumbling, calcareous shales in beds a

few inches thick. The sandstone is usually fawn in colour, and

friable. It is sometimes compact, ferruginous, and laminated, some-

times incoherent and coated with efflorescent salts. Springs are

common but the water is usually saline. The hills are low and

undulating with the dip and strike of the rocks very variable. A
small fault was noticed on the road from Saye to Yemyet. As no

fossils of any kind were found, further field work will be necessary

before it will be possible to subdivide these Tertiary rocks into

Pegus and Irrawa^ns.

Before his deputation to the Toungoo and Salween districts

Mr. P. Leicester worked in the Amherst district for a short time and

Ambent (Uttrict. mapped part of sheets 95 E/10 and E/13

Buroiat ^nd completed sheet E/9,
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The granite, which oocuia along the coast in sheets 94 H/12

and 95 E/9, is continued southwards into sheet 96 E/10, forming

the low hills of Takalwin Taung (97° 42' 40"
;
16° 45' 0") and Thabut

Taung (97° 42' 45"
;

15° 42' 0") situated to the west of Tinyu.

Both Thabut Taung and Takalwin Taung are composed of biotite-

granite, Takalwin Taung slopes steeply to the sea on the west

and *on the sea shore there are excellent exposures of distinctly

banded biotite-granite, with xenoliths of dark hornblende grsnulite

like that found at Amherst and in the other granite oocurrenoes

along the coast in sheet 95 E/9. The xenoliths, some of which are

considerably twisted, are drawn out in a directicm N. 45° W. Both

the granite and the xenoliths are cut by later veins of porphyritic

granite.

Thabut Taung is separated from the sea by a narrow band of

alluvium and a sandy shore. The granite, a biotite-granite, exhibits

remarkably good jointing resulting in the formation of tabular

blocks and the ground around the hill is strewn with granite boulders.

The eastern slopes of both hills are covered with laterite near

the foot and beyond the edge of the laterite is a fertile band of

alluviiun, a continuation of the alluvium found to the north, stretch-

ing to the railway on the east.

The westerly dipping sandstones and shales of the hills on the

coast near Amherst appear to be represented by the sedimentary

rocks which form Mawpalaw Taung (sheet 95 E/13. 97° 46'
;
15° 62').

This hill is situated east of Karopi and forms a short ridge, with

a direction N.N.W.—8.S.E., around which tin mining is being

carried on on a small scale. The hill is composed of red, buff and

white sandstone and banded quartzite associated with shales and

dark micaceous slate. The whole is out by quartz veins and

stringers which presumably carried the tin found in the laterite at

the foot of the hill. The strike of the sandstones is N. 26° W.,

with a dip of 46° to the west.

The tin ore which is recovered from the laterite at the foot of

Mawpalaw Taung by sluicing during the rains and by panning, is grey

cassiterite with a little black caasiterite. The ore appears to be

derived from small cassiterite-bearing quartz slaringers intruded

into the sandstones during the period of granitic intrusion of the

province. The tin has been concentrated in the alluvium of the

hill-sides and now appears scattered through the laterite deposits

in the vicinity.
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Mr. P. Leicester, in the course of the work of the Rangoon Water-

Supply and Hydro-Electric Survey Party, mapped parts of sheets

94 B/16, 94 F/3 and 94 F/4 in the Toungoo

Salween districts. The geology of this

area has already been referred to under the

Rangoon Hydro-Electric and Water-Supply Survey on page 29.

The fine-grained granite, mentioned on page 31, when examined

under the microscope, proved to be a soda-granite with quartz,

dominant idiomorphic albite and subsidiary allotriomorphic ortho-

clase and large well preserved laths of brown biotite.

The medium-grained granite shows quartz with dominant

orthoclase, perthite, albite, biotite and accessory magnetite, and is

thus a potash granite. Among the granites met was adamellite

consisting of quartz, orthoclase and labradorite in nearly equal

proportions with biotite and accessory magnetite : boulders of

homblende-biotite granite are of frequent occurrence in the stream-

courses.

About three miles S.E. by S. of Pyagawpu village an inter-

esting example of river capture was noticed. The Bilin Chaimg

has captured the bead waters of a stream flowing northwards into

the Thelaw Klo and has since continued to cut its way downwards

through the alluvium and the underlying slates until, at the bend

where the Bilin Chaung turns to flow south-eastwards, it is now 75

feet below the valley of the former stream, leaving a cliff of alluvium

at the southern termination of the Pyagawpu valley.

Mr. V. P. Sondhi mapped parts of sheets

^
Lower Chindvrin district, Upper Burma and

recognised the following scries and rock types :

—

Alluvium,

Plateau Gravel and Plateau Red Earth,

Irrawadian series,

Pegu series,

Igneous rocks.

The area examined forms the catchment area of the River

Chindwifi, which is flanked on both sides by belts of alluvium of

variable de|)th and width, generally consisting of a buff to brown

sandy clay, resembling weathered Irrawadian sand-rock, from which
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most of it is doubtless derived^ though locally its litholc^oal charac-

ters are highly variable. In the vicinity of the volcanic tuff

deposits it is seen to be intimately mixed with the latter and

along the river banks near Monywa (22"^ 7'
;
96° 8') it is frequently

found to contain discontinuous bands of ferruginous conglomerate,

with occasional pieces of rolled fossil wood.

Most of the country north of the North Yama Chaung, which has

an easterly course in Sheets 84 J/16 and 84 N/4, is occupied by the

Irrawadian series, often covered by patches of alluvial mantle

consisting of an unstratified deposit of incoherent yellowish sand,

sometimes stained red with iron oxide. For the most part it is

pure, though varieties mixed with clay, or locally containing lenses

of pure tenacious clay, are not uncommon. Discontinuous bands

of hard ferruginous conglomerate and grit were noticed at several

places in this deposit and locally it is found to be very rich in silici-

fied tree trunks, which are sometimes very large. Along the River

Chindwin the sand is generally hardened into a loose sandstone

and often shows false-bedding.

The outcrops of the Irrawadian series are usually capped by a

surface deposit of Plateau Red Earth, consisting of a brick-red

sandy clay or of Plateau Gravel ; the latter is the more frequent of

the two, consisting of large rounded quartz pebbles with fragments

of fossil wood and ferruginous concretions in a loose, reddish, gritty

matrix. West of Kani (22° 27'
;
94° 61') it contains an abundance

of fossil tree trunks and near Natyin Daung (22° 31'
;
94° 67') it is

particularly rich in ferruginous concretions.

South of North Yama Chaung a portion of the Pegu series was

examined while its junction with the alluvium was being mapped west

of Monywa. 'The lithology of the series differs widely from the type

.
sections in the oil fields, the rock being a bedded calcareous sand-

stone. The dips are very variable and cannot be relied on, on

account of the great disturbance caused by igneous activity in the

late Tertiary period manifest in a number of small exposures in

the area.

The chief geological interest in the area centres round the varied

suite of intrusive and extrusive igneous rocks, a more or less con-

tinuous line of which runs towards the north and has been followed

for about 26 miles. For the last 13 miles or so they take a north-

easterly direction and form a chain of extinct explosion craters which

constitute a remarkable topographical feature of the country.
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The igneous occurrences, which are manifested in a variety of

forms, may be grouped with regard to their geographical distribu-

tion, as follows :

—

1. Rhyolitic extrusion, with associated rocks, west of Monywa.
2. Songyaung explosion crater.

3. Myayeik Taung occurrences.

4. Silaung Taung basaltic mass.

5. Okkan uj)land extrusive and intrusive rocks.

6. Explosion craters from Leshe (22'' IG'; 94° 57') to Okaing

(22° 24'; 95° 3').

7. Natyindaung basaltic mass.

8. Isolated tuff deposits.

About seven miles W.N.W. of Monywa, in Sheet 84 N/4, a couple

of hump-shaped hills stand conspiciously above the surrounding

plain north of the Ywashe-Yinmabin road. They are composed of

highly weathered rhyobtic tuff and agglomerate with occasional

blocks of rhyolite, and seem to have undergone hydrothermal

alterations resulting in the introduction of copper ore, which was

changed later into malachite and chalchanthite, occiirring as veins

and impregnations in the tuff and sometimes containing disseminated

grains of pyrite.

The low ground between the two hills is occupied by a highly

decomposed mica-hornblende-porphyry, traversed by veins of cal-

cite
;
at the northern end of Hill “ 994 ” there occurs a pink

quartz porphyry in the form of a dike partly running into the

North Yama Chaung.

Half-a-mile north of Mogyobinkanbya (22° 3'; 96° 3') a highly

denuded conical hill of rhyolitic tuff and breccia is described by

Mr. Sondhi as cutting through the Pegu sandstone, and another of

rhyolitic tuff and agglomerate cuts through the sandstone of the

same series two miles E.S.E. of the village.

Two miles east of Songyaung (22° 13'
;
95° 3') on the right bank of

the River Chindwin, opposite ^on, is a low N.E.-S.W. hill with a

gentle slope on all sides except the north where it ends abruptly

over a shallow lake, with a scarp about 100 feet in height, deeply

truncated near the north-eastern end and marking the site of an

extinct crater. That part of the hill which abuts on the river is

composed of a highly jointed, comparatively fresh, dark, olivine

basalt, which under the microscope is seen to contain well-developed

olivine phenooiysts in a ground-mass consisting of felspar laths.
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minute grains of olivine and angite, and magnetite dust. A little

away from the river the rock beonnes highly sooriaceous and vesi-

cular. Further west it is replaced by a very characteristic bed

about 6 feet thick, of lapilli held together by a sparse amount of

an easily weathcrable cement composed of volcanic ash. South-

west of the lapilli bed there is a deposit of p3nroclastic material,

consisting of a number of unconsolidated beds of basaltic tuff,

with a quantity (which varies in different beds) of rounded quartz

pebbles, sand and occasional pieces of fossil wood. At different

horizons in this deposit there occur beds of fine volcanic dust and

ash, which are often finely laminated. Repetition of the beds of

coarser pyroclastic material and laminated volcanic dust marks

the different phases of the explosive energy of the crater, and

suggest that the material was deposited by a series of rapid explo-

sions of varying intensity and short duration.

The bulk of the deposit is composed of tuff with small basalt

fragments, the general paucity of large blocks being very conspicu-

ous. It is greenish brown when fresh but becomes darker on the

weathered surface. The general dip of the deposit is to the south

but netir the centre of activity it is variable in direction as well as

in degree. Some natural caves between the bedding planes, and a

few small faults were observed, the latter being probably caused

by subsidence of the cave-roofs.

One mile west of Myayeik (22° 8'
;
96° 1') is a group of three

small elevations known as Myayeik Taung. The main hill is com-

posed of silicified rhyolite with blocks of quartzite on its northern

aide. The small hill to the west is of shattered quartzite and highly

altered basalt, and in the Yamadaw Chaung in the south-west there

is exposed a white rock composed of decomposed felspar in which

crystals of biotite are very prominent. One mile W.8.W. of this,

quartzite and basalt are again ^kpOsed in a section along the North

Yama Chaung.

East of Myayeik there is another small hill of purple quartz

porphyry with specks of white decomposed felspar and hexagonal

{dates of glistening biotite.

About one mile north of Silaung (22° 10'
;
94° 69'), Mr. Sondhi

reports, is a plateaurlike elevation about miles long and } mile

wide. It is composed of a dark-grey olivine basalt similar to that

of dongyaung crater*^ but unaccompanied by lapilU or tuff. On the

Qtber hand pink calcareous sinter with embedded fragments of basalt.
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is met with some way down the slope of the hill. It is surrounded

on all sides by the alluvial plain, except to the north-west where it

appears to cut through yellowish sand with fragments of grit,

apparently belonging to the Irrawadian series. On the west and

south-west a slightly metamorphosed granite, much decomposed at

the surface, is met with in a small stream.

One mile west of Silaung Taung another broad plateau-like

elevation is covered by an old green basalt, interbedded at places

with quartzite. The basalt is highly decomposed, but the chief

interest of the exposure lies in the occurrence in it of a variety of

intrusive rocks. Near Oldcan (22® IT ;
94® 57') a coarse-grained

white granite, composed of an equal amount of quartz and felspar

with a little hornblende, is found weatherng into a crumbling

white earth.

One mile east of Taungbu (22® 12'
;
94® 57'

• is an occurrence of

granophyre, a very comp6M3t rock, grey in colour, with white crj^stals

of felspar and shining quartz. Under the microscope an interest-

ing gradation from the cryptocrystalline to a perfect spherulitic

texture is noticeable. The interspaces between the spherulites are

occupied by a crypto granulai mixture of quartz and felspar, passing

into a cryptographic texture on the margins of the spherulites which

in turn passes to a true spherulitic texture towards the centre. The

spherulitic texture is sometimes seen developing round the quartz

and felspar phenocrysts. Other varieties of granophyre were met

with in small streams north of Taungbu.

South of Chindaung (22® 14'
;
94® 57') the hill marked Myetthaung

Daung on the map is composed of a vesicular, dark olivine basalt with

phenocrysts of olivine, augite, hornblende and plagioclase, embedded

in a ground-mass of the same minerals with abundant laths of

felspar and a little glass occurring interstitially. It appears to

rest upon the quartzite.

At Chindaung there is another hillock of a fresh, highly vesicular,

olivine basalt very much finer grained than that described above.

Half-a-mile west of Chindaung a granite boss is exposed in a

roughly circular outcrop of about IJ miles diameter. It is very

coarse grained, white in colour, and speckled with glistening biotite.

On the west it lies in contact with quartzose grit and sandstone,

. presumably of the Irrawadian series, which api)ears to be hydro-

thermally affocte^l. On the north it is overlain by a surface deposit

of Plateau Gravel,
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Mr. R. D. Oldham late of this Department wrote a detailed

description of the geology of the explosion craters from Leshe to

Twindaung,^ to which there is little to add. The following remarks

may be considered a summary of Mr. Oldham’s observations,

together with such additional information as came to Mr. Sondhi’s

notice.

A string of explosion craters, about eight in number, occurring

in the form of circular pits from half-a-mile to IJ miles in diameter

and 150 feet in depth, runs from Leshe in a north-easterly direc-

tion for about 13 miles, crossing the River Chindwin at Shwezayc

(22° 21'
;
95° O') and ending at Okaing (22° 24'

;
96° 3'). The pits

to the west of the river Chindwin, t.c., at Leshe, 'Twinywa and

Taungbyauk, are steeply walled by a deposit of bedded beisaltic

ash and tuff, about 50 feet thick and resting upon the yellowish

brown sand of the Irrawadian series. The outer slopes are very

gentle and are covered by the volcanic deposit for one to three miles

from the crest of the crater pit. Near the margins of the deposit

the latter is invariably seen to overlie the Plateau Gravel. In three

of the craters, one at each of the above-named villages, the floor

is partially covered by lakes, which being below the level of per-

manent saturation are fed by small springs oozing out near the edges.

The absence of any hard rim of basalt in these craters, saving a

narrow basalt plug in the Taungbyauk crater, is very conspicuous,

and it seems highly probable that the pits were originally much
narrower and deeper, and that the present width and comparative

shallowness are due to the gradual infilling of the pit by material

washed down from the receding sides, which stand unprotected in

the absence of a hard crater rim.

The Twindaung crater on the east bank of the River Chindwin

differs from the rest in having a partial rim of basalt on its three

sides and, on that account, of all the craters it is the deepest and the

most perfectly preserved. It further differs in the nature of its ejecta-

menta which include, apart from the usual variety of olivine basalt

met with at other places, blocks of hornblende andesite, peridotite

and augite rock.

The Natyin Daung basalt mass (22° 30'
;
94° 69') occurs in the

form of a double cone cutting through the Irrawadian sand, and is

composed of a characteristic light grey to dark grey olivine basalt.

1 JUc. 6t6L Surv. Ind., Vol. XXX IV, pp. 137—147.
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The two cones are separated by a narrow depression, the floor of

which is level with the surrounding plain. The southern hill, which

is the smaller of the two, presents a dyke-like appearance as viewed

from the south, and shows deep vertical joints, whereas on the

northern slope regular horizontal joints are developed, giving the

rock a perfectly bedded or platy appearance. On the northern hill

the basalt is darker in colour and much scoriated.

Denuded remnants of older volcanic tuff deposits of a basaltic

nature, which, judging from the distance from the craters at which

they are met, must have been more extensive than the newer ones,

are encountered at several places south of the Twindaung crater

and at Bambwe (22° 13'
;
95° O'). Their general outward appear-

ance and curvature suggest that the craters from which they ori-

ginated occupied very much the same position as do the existing

ones.

On the cast bank of the river Chindwin, opposite Natlabo North

(22° 18'
;
95° 2'), a cliff of basaltic tuff, similar to that of the other

craters, stands conspicuously over the river, accompanied by

huge blocks of basalt. The latter suggest the proximity of the

source, but no crater was actually found in the vicinity.

It may be noted that in the area under consideration more than

one period of igneous activity is noticeable, and that the youngest

approximately coincided with the older in geographical position.

The older, or late Tertiary, activity is represented by a more or

loss complete cycle as under :

—

(1)

The extrusive phase —including the isolated basaltic tuff

deposits at Bambwe and south of Twindaung, the older

basalt of the Okkan upland and the rhyolitic extru-

sions west of Monywa.

(2) The plutonic phase—including the granites of the Okkan
upland and west of Silaimg Taung.

(3) The dyke phase—including the granophyres of the Okkan

upland, the quartz porphyry and mica-hornblende-

porphyry east and south of Myayeik.

The most recent volcanic activity is manifested by the extrusive

[)hase only, and is represented by the existing crater pits and their

ejectamenta, including the Natlabo tuff deposits which rest upon the

Pleistocene Plateau Gravel.

The olivine basalt masses which cut through the Irrawadian

sand-rock, and the older basalt at Silaung Taung, Myetthaung Daung,
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Chindaung, and Natyindaung, are oomparatively fresh and nnde-

composed, and are much younger than the green basalt of the Okkan
upland, but there is no evidence to show how far these basaltic

extrusions are connected with the latest or post-Pleistocene period

of igneous activity.

After short instructional visits to Yenangyaung and Singu where

he studied the Tertiary type sections, Sub-Assistant B. B. Gupta

resumed survey work in the Lower Chindwin district, completed

sheets 84 J/16 and J/16 and mapped part of sheets 84 J/11 and

J/12.

The greater part of sheets 84 J/15 and J/16 is occupied by rocks

of the Irrawadian series. In the northern part of sheet 84 J/16

there is an inlier of the Pondaung stage and in sheet 84 J/16 there

are some igneous outcrops. The rest is covered by Recent deposits.

Loose sandslone, grits and ferruginous conglomerate are the chief

components of the Irrawadian, though subsidiary beds of shale are

not infrequently found. Indurated sandstone was noticed in the

river bed near the village of Thanlegyi (22° 12'
;
94° 54', approx.)

and also in a nala about half-a-mile south of the village. Wazin
Taung is composed of Irrawadian rocks, some of the lower beds

being metamorphosed as a result of igneous intrusions in the area.

A vertebrate fossil, provisionally preferred to Mastodon, was found

about three-and-a-half miles E. 10° N. of Nyaunggaing (22° 12';

94° 47' 30", approx.). Fossil wood is plentiful throughout the area

covered by the two sheets.

The Pondaungs are represented in sheet 84 J/16 by sandstones

and conglomerates of the usual type, no fossils being found in them.

On the western boundary the Irrawadian appears to rest uncon-

formably on the Pondaung. In sheet 84 J/16 basalt and olivine

basalt tuffs were noticed about a mile south of Obo (22° 10'
;
94° 64'

30", approx.), the chief component of the tuff being olivine basalt.

The cementing material is calcareous and quartz was noticed under

the microscope. Basalt was also found in the pass between the two
conical hills south of Wazin Taung. Decomposed biotite granite

was noticed north-east and south-west of Wazin Taung and a very

small outcrop of dolerite was seen cutting through the granite

exposed north-east of Wazin Taung.

The rock formations met with in sheet 84 J/11 are Irrawadian,

Pegu, Yaw Shales and the Pondaung Stage. T]^e last three have
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a general west^y dip and orop out consecutively, a scarp forming

the eastern boundary of the Pegus. The Irrawadians are faulted

against the Pondauugs by a strike fault which runs approximately

north and south. The Pegus are chiefly composed of massive

muddy sandstone with intermediate thin bands of rather arenaceous

shale. Because of insufficient fossil evidence they have not been

differentiated. Current-bedding was noticed in the sandstone in

some of the sections, A narrow outcrop of Yaws, about half-a-

mile wide, was mapped-; the rocks are chiefly unfossiliferous shales.

Sandstone and conglomerates predominate in the Pondaungs. The
constituent pebbles of the conglomerates are rather smaller than

those seen in the inlier noted above or those noticed in the Myaing

area. The general tinge of the sandstones is greenish, while a reddish

earth results from the decomposition of the argillaceous beds.

No fossils were found in these rocks.

The area west of longitude 94"^ 35' on sheet 81 J/12 was surveyed

by the late Captain F. W. Walker during the 1922-23 field season

(Kec.y Oeol. Surv. Ind., Vol. LVI, p. 41). Of the remaining portion

the north-eastern corner was mapped by Mr. B. B. Gupta during

the period under report. Pondaungs and Irrawadians were the

only formations mapped. The fault between the Pondaung stage

and the Irrawadian, noticed in sheet 84 J/11, was traced as far south

as the Tinzon Chaung, west of Kabyu (22*^ 12' 30"
;
94® 40'). A

vertebrate fossil referred to Stegodon was found south of Kabaing

(22® 12' 30"
;

94® 41', approx.).

At the request of the Government of Burma, the former practice

of having an officer of the Department stationed permanently at

Yenangyaung has been revived. Throughout

YeSM?yMiiit
acted

len gy u g
. ^ Resident Government Geologist, Yen-

angyaung, and as Official Member of the Yenangyaung Advisory

Board.

In addition to his advisory duties Mr. Barber submitted several

confidential reports on various subjects.

During the field season of 1926-27 Mr, Tipper took over tern--

CeatralProvlBcetand Por“y otarp of th^ Central Provincea and
Central India. Central India Party while Dr, Fermor was in

charge of the Qffioe.
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Mr* Crookshank continued his mapping in the northern Satpura

tract, the ground surveyed including portions of sheets 66 J/10

' ajid J/14, and lying mainly in the northern

part of the Chhindwara district, but partly

in the southern part of the Narsinghpur district. The ground

surveyed was occupied entirely by Qondwanas and Deccan Trap,

in the proportion roughly of 3 : 1.

The Gondwanas are referred by Mr. Crookshank wholly to the

Mahadeva division, and the observed thickness in the scarps east

of the Dudhi river is some 1,600 feet. These strata can be divided

into two fairly well defined sub-divisions, of which the upper lies

to the east and consists of about 300 feet of fine-grained sandstone with

carbonaceous clays and a little conglomerate. In these strata fossil-

plants are abundant, and some dozen different species were col-

lected ; the specimens have been forwarded to Professor Sahni

for identification.

The lower sub-division is best seen to the north and west, and

is characterised by masses of coarse conglomerate and numerous

variegated clays. Normally it is unfossiliferous, but unidenti-

fiable plant remains are fairly common in the silicified clays, which

occur wherever Deccan Trap intrusives pierce this series.

The junction between these two sub-divisions is well marked

on the northern edge of sheet 55 J/14. Especially is this so near

Saonri, where the plane of contact is clearly an unconformity.

Passing from east to west, there is no sign of any boundary. Indeed,

the red clays of the lower sub-division are in places foimd intercalated

between carbonaceous clays typical of the upper sub-division.

The Mahadevas lie almost horizontal, and such dips as have been

observed are due to the disturbing effect of the Deccan Trap in-

trusions rather than to any regional folding. Minor faults appear

to be common, and are frequently seen in places where carbonaceous

beds exist and make observation easy, but no faults of importance

were definitely fixed.

The Deccan Trap rocks occupy in all about one quarter of the

area mapped and frequently form important hill ranges. They

consist mainly of immense doleritic sheets several hundred feet thick.

Dykes are al^ fairly common, but are much less conspicuous.

In many cases they merge into the sheets. Although the tract

mapped lies to the north of the coimtry occupied by surface lava

flows, Mr. Crookshank believes that two hills lying north of Kotri
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may contain the remains of a true flow, although this is by no means
certain. The petrology of this interesting set of intrusives is

similar to that of the country noticed in the previous General Report.

During the season 1926-27, Mr. W. D. West spent four months
on the continuation of his survey of the Deolapar sheet (56 0/6) of the

Nagpar district
Nagpur district, working to the north of country

previously mapped, especially in the neigh-

bourhood of Silari, Khapa, Kadbikhera, Tuyapar, Pindkapar and
Karwahi. The last named village lies near the Seoni border, where
Mr. West succeeded in joining up his work with ground mapped
by the late Mx. Burton in 1912-13.

The general result of this season’s work is to confirm the suo
cession of strata as previously deduced and to render possible a
general view of the disposition of folds throughout the southern

portion of this sheet. In a generalised map it is shown that the

important Silari-Salai anticlinorium of calc-granulites and cal-

citic marbles of the Utekata and Lohangi stages runs right across

the map in an E.8.E.—W.N.W. direction. To the north of

this is the Dongartal-Pindkapar synclinorium of dolomitic marbles

of the Bichua stage, with an associated anticline (the Tuyapar
anticlinorium) of the Chorbaoli quartzite stage, with a core of cal-

citic marbles and calc-granulites. Further to the north between
Pindkapar and Karwahi is a belt of folded dolomitic marble i and
quartzites of the Bichua and Chorbaoli stages respectively, in which
the marbles occupy broad synclines and the quartzites narrow separat-

ing anticlines. To the south-west of the Silari-Salai anticlinorium

is the broad Junewani syncline of dolomitic marbles. Between
the Chorbaoli and Lohangi stages comes the Mansar stage or manga-
nese-horizon, when present. From the distribution of manganese
ore to the south, north and east of the Junewani synclme, and of

the quartzites of the Chorbaoli stage, including the absence of the

Chorbaoli stage in the belt between the Sil^i-Salai anticlinorium

and the Junewani synoUne, Mr. West deduces the existence along the

northern edge of the Junewani syndine of a thrust-fault with an

—W.N.W. strike* This deduction is perhaps confirmed by
the existence of a band of fault breccia on the southern edge of

the sheet some three miles E.S.E. of Pauni. A newly discovered

deposit of manganese ore northwards of Deolapar and between mile*

stones 44 and 46 on the Nagpur road falls into the oorreot place in
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tlie «tratigraphioal saquenoa on the intarprotation given. A general

B.S.E.—WJf.W. strike of the folds has been previously noted.

Towards the east side of the sheet, however, the axes of the idds

are curling round to an E.N.E. direction in conformity with the

general strike of the gneisses and schists to the east. The map-

ping indicates a gentle pitch in the folds, the direction of which is

not^ however, uniform throughout the country mapped. Thus

the Dongartal-Pindkapar syncUnorium is closed at both ends,

indicating an E.&.E. pitch at the western end and a S.W. {utoh

at the eastern end. A study of Mr. West’s map indicates that in

addition to the thrust-fault already mentioned there may be at

least one other parallel thrust, namely, south-west of Jhanjharia,

where the dolomitic marbles of the Dongartal-Pindkapar syncli-

aorium approach so close to the oaloitic marbles of the Silari-

Salai antioliiiorium that a portion of the intervening st^rata may
have been cut out by a thrust.

On the petrographical side various points may be noticed. In

the Dongartal-Pindlmpar belt of the Bichua stage, which, broadly

^>eaking, consists of dolomitic marbles, many interesting mineral

assemblages are found. These include anthophyllite-schists, antho-

phyllite-spinel-chlorite-schists, grossularite-diopside-microcline-granulites

azid woUastonite-groesular-vesuvianite-diopside-granulites. WoUastonite

does not appear to have been recorded before from the Sausar series,

while the grossularite-vesuvianite assemblage appears not to be common
in regional metamorphism.

The rocks of the Chorbaoli stage in the country between Pind-

kapar and Kaxwahi include not only muscovite-quartx-schists but

also glassy quartsites often carrying microcline, the two rocks re-

placing one another laterally along the strike and also across tibe

strike. It is not known whether these changes are due to original

difiereoces of composition or to difEerent respoMe to metamorphic

ioroes in accordance with which microdina has in places hem con-

verted by pressure into muscovite.

Conceming the origin of the cak-granuUtes ^Utekata stage)

Mr. West has an important suggestion to offer. These oalc-granu*

iites are usually regularly banded with layers that are dtematdy
characterised by lahradorite and microcline felspar. Dr. Fermor

and the late Mr» Burton have interpreted these rooks as due to the

injection of calcareous eediteants by an acid igneous in-

tnisive» the labradoritic layers wefftemnUng the original sedimmtaxy
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bands and the microdinio layers the intrusive bands. Mr. West
has hitherto accepted this explanation, but now suggests the pos-

sibility that the banding is due to some kind of seasonal variation

during sedimentation. In the centre of the Silari-Salai synclino-

rium are maguetite-biotite-gneisses similar to those that have been

regarded in the Sausar tract as representing the igneous rock that

was responsible for the formation of the calc-granulites by lit-par-

lit intrusion. In the calc-granulites adjacent to his magnetite-

biotite-gneisses Mr. West has found similar magnetite granules

in both the labradoritic and microclinic layers, and he considers

that this shows that the calc-granulites and the magnetite-gneisses

are closely related
; the evidence rather suggests that this close

relationship is due to the rocks being part of a sedimentary

succession, which varies from a gneiss at the bottom to calcitic

marbles at the top, with banded calc-granulites as an intermediate

variety.

For several years Sub-Assistant D. S. Bhattacharjee has been

engaged in surveying portions of the Nagpur district situated upon

Nagpur and Bhandara Ramtek belt of country occupied by the

difttrktg; Central Pro- Sausar type of schists, which be exclusively

to the north of the main line of the Bengal-

Nagpur Railway. Towards the end of the previous held season,

Mr. Bhattacharjee commenced work on the Maunda sheet (55 0^8)

surveying the north-west corner. During the present season he

has completed this sheet and also surveyed a portion of. the western

margin of the Bhandara sheet (55 0/12). Practically the whole of

this tract lies to the south of the Bengal-Nagpur Railway line and is

occupied, where not obscured by alluvium, almost exclusively by
Archflean rocks, of which the metamorphic schists belong to a some-

what difEerent type from those of the Sausar belt. In grade of

metamorphism they are comparable with portions of the Chilpi

Ghat series with which they are probably in stratigraphical conti-

nuity. They have been previously treated by Mr. P. N. Datta,

who made some years ago a general survey of this part of the Central

Provinces, as belonging to the Dharwars, and it will be convenient to

continue to refer to ^e phyllites and schists of this belt as Dharwars

fmtil their exact relationship to the diilpis and to the Sausar series has

been proved. Although the country is largely covered by alluvium

there are numerous exposures to be found in stream-beds and

also a certain number of small hill ranges iti which the rocks are

I 2
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exposed. The general strike of this belt, which may be referred to

as the Bh^dara belt of the Dharwars, is E.N.E.—W.S.W., parallel

to the strike of the Ramtek belt of the Sausar series to the north

;

it is anticipated that a careful examination of the border country

between the two belts may lead to an elucidation of their relation-

ships. Excluding a small area of Deccan Trap with underl3ring

Lametas encroaching upon the south-western margin of the Maunda

sheet, the whole of the country surveyed consists of Archaean rocks

with overljdng alluvium. The Archaean rocks have been sub-

divided by Mr. Bhattacharjee into the following lithological groups

(1) Amphibolite,

(2) Chilpi Ghat series (Dharwars), classified provisionally into five

types of zones—(a) felspathic muscovite-quartz-schists

with tourmaline and lenticles of vein quartz carrying

wolfram, (6) quartzites, phyllites and slates, of which

the argillaceous rocks contain a few knots of sericite

and crystals of magnetite and garnet, (c) highly ferrugi-

nous quartzite zone
;

(d) coarsely knotted sericitic zone,

and (e) coarsely quartzitic zone.

(3) Amphibole-schists in which the amphibole is often acti-

nolite.

(4) Crystalline series consisting of gneisses, granite, pegmatites,

vein quartz and muscovite-schist.

It has not yet been possible, on account of the detached nature

of the occurrences, to decipher the sequence of rocks in this

tract, but it is evident on general grounds that the rocks may be

equivalent to a portion of those in the Ramtek belt, except for the

complete absence of manganese-ores and manganese-silicate-rocks

and of the calc-granulites and various marbles, unless some of these

latter are represented by the actinolite-schists. Allowing for this

difierence in composition, Mr. Bhattacharjee supposes that the

differences between the two rocks are otherwise functions of inten-

sity of metamorphism, and that the equivalents of the various

types of metamorphic rocks in this belt are to be found in a more

l^hly metamorphosed form in the belt occupied by the Sausar

series in the Ramtek country to the north. The zone separating

these two belts is largely covered by alluvium; nevertheless there

are outcrops of rock and had there been a conglomerate, indicating

an unconformity between the rodcs of the two belts, exposures of
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such should have been found. Further light on this problem is

likely to be thrown by the next two field seasons’ work in this por-

tion of the Central Provinces.

In his journey to the corundum deposits of Pipra in the south-

east comer of Rewa State from Mirzapur on the East Indian Railway,

Dr. Dunn records his impressions of the rocks

Ifidia7*
Central

traversed. The first rocks passed over after

leaving the Gangetic alluvium were the

Vindhyans. These persist to the Son River, after crossing which

Archaean rocks are found. The country for the first few miles

south of the Son River is made up of quartzites, banded haematite-

quartzites, jaspery quartzites, slaty shales and innumerable basic

traps, apparently contemporaneous, all striking east and west.

One or two small outcrops of limestone were also seen. This

series has been correlated with the Bijawars on the old map, but

Dr. Dunn was struck with its similarity to the unaltered represen-

tatives of the Iron Ore series of Singhbhum. Passing south from

this area of vulcanicity these rocks merge imperceptibly, without

any apparent stratigraphical break, into an immense sequence of

slaty shales, striking east and west from Mirzapur district into

Rewi, State. Near the Rehr River valley these become gradually

metamorphosed and finally a gneissic-granite is passed over. In

the Rehr River valley small patches of the Lower Gondwana rocks

are seen to rest upon this gneissic-granite and other metamorphic

rocks.

In the vicinity of Pipra the dominant rock-type is the above

granite which is apparently intrusive into all the other Archcean

representatives.

Apart from the gneissic granite the most abundant rock-type

is hornblende-schist. Outcrops of this have been alluded to as

dykes, but a close examination convinced Dr. Dunn of the intrusive

relation of the granite to them. Their linear arrangement, as

in other parts of India, is, in Dr. Dunn’s opinion, due simply to their

excellent cleavage and to the fact that the granite has intruded

into and separated them along the cleavages.

In close association with the corundum deposits, the mest

abundant rock-type is a sillimanite-schist usually containing euphyl*

lite, corundum, rutile and tourmaline. An enstatite-bearing rock

is also found ;
this is an enstatite-quartz-rock with or without

plagioclase felspar, and often with diopsido, the two pyroxenes at
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times showing an alteration to hornblende. Deep brown biofcite

is almost invariably present. As a further stage in the meta-

morphic development of these enstatite-bearing rodks, there are

several types which show distinct peculiarities and occur simply

as small ‘‘ segregation ” masses in the enstatite-bearing rock. They

include pure enstatite-quartz-rocks, enstatite-cordierite-rocks, gamet-

sillimanite-cordierite-quartz-rocks, garnet-diopside-quartz-rocks, etc.

It is possible that the sillimanite-schist and the corundum bed

form a highly metamorphosed aluminous, perhaps bauidtic, series

of sedimentary beds. The enstatite-bearing rocks, however, seem

to have been derived from pyroxene-plagioclase rocks of igneous

origin. Dr. Dunn remarks that it seems feasible that the

aluminous clays were originally derived from this igneous rock.

Coal-fieldf Party.

The Coal-fields Party continued their re-survey in detail of the

coal-fields of Raniganj and Jharia on the new 4 inches-to-the-mile

maps. The survey of the Raniganj field was

begun in the cold weather of 1926-26 and will

be completed in the cold weather of 1927-28. Of the 26 sheets

which cover this area 12 have been completed, 2 are awaiting the

result of boring records, 3 have been partially surveyed, and the

remainder lie in country where the geology is simple. The Raniganj

party consisted of Rai Bahadur Sethu Rama Rau, Messrs. E. R. Gee,

A. K. Banerji and J. B. Auden, Assistant Superintendents, under

the control of Dr. C. S. Fox, Officiating Superintendent.

Mr. Sethu Rama Rau has mapped the western end of the field and
is continuing his work eastwards along the south side of the Damuda
river. Mr. E. R. Gee has been working eastwards from the Barakar

River and north of the Grand Trunk Road
;
although his work covers

the most complicated tract of the coal-field he has mapped the largest

area. Mr. Banerji has mapped the country astride the Barakar

River and is continuing eastwards along the north of the Damuda
RWer and south of the Grand Trunk Road. He is making a petro-

logical study of the sedimentary strata in addition to his normal
work of elucidating the structure of the upper Damuda strata.

Mr. J. B. Auden was attached to the Coal-fields party for training

and has proved a valuable acquisition. He has been re-examin-

ing^the tract astride the Barakar River in an endeavour to arrive

at a satisfactory correlation of the coal-seams on each side of the

river. The delay in unravelling this area is due to lack of exposures
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aud a want of reliable data from bore-hole reccards. Two borings

are to be put down shortly and it is expected that with the inionna-

tion tlius obtained a reliable correlation will be possible. The
structure has been worked out with great care by Messrs. Gee,

Banerji and Auden in consultation with Dr. Fox on the ground.

As a result of these visits of inspection and discussion in the field

the Raniganj party have come to the conclusion that the Barakar
stage is conformably overlain by the Ironstone Shale stage and that

the true Barakar-lronstone Shale boundary must lie south of the

Grand Trunk Road at Begunia. An observation by Dr. Fox in

regard to the false-bedding in the Barakar sandstones has provided

the clue which enabled the unconformity suspected by W, T. Blanford

to be satisfactorily accounted for. It Las also been necessary

to revise our opinion in regard to the fossil wood bed in which the

specimen of Dadoxylon was found three years ago. It was then

thought that the fossil-wood sandstone was at the base of the

Panchet series in spite of the fact that the patentological evidence

indicated a Palssozoic age. Messrs. Gee and Banerjee north of the

Damuda, and Mr. Sethu Rama Rau south of the same
river, have found that the fossil-wood sandstone is a definite horison

throughout the middle western tracts of the Raniganj coal-field,

and undoubtedly part of the Raniganj stage. Dr. Fox visited

several exposures and in view of a local unconformity above the

fossil-wood horizon, the evidence of the fossils, and the remarkable

parallelism between the fossil-wood bed and the Narsamuda-Pat-
mohna coal-seam below it, has come to the conclusion that the fossil-

wood sandstone should be relegated to the Raniganj stage.

The new 4-inch maps of the Jharia coal-field were not available

until towards the end of the season, 1926-27, when Dr. Fox began
the geological re-survey of the Jharia area. Of the 8 sheets which
comprise this field he has already surveyed two sheets and surveyed
more than half of two other sheets. He hopes to complete ^e
mapping of the field during the season, 1927-28. In the course of

his work in the north-western comer of the Jharia field among the
Talchir beds Dr. Fox found that striated or scratched pebbles were
exceedingly rare among the glacial boulder beds ; he observed no
faceted pebbles. The pebbles consist largely of granitic materia]
and very rarely of quartzite. There are several pebble beds in
the lower Barakar stage and it was thought that these beds were
resorted Talchir dibris^ but an examination of the pebbles shows
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that they are practically all of quartzite
;

granite pebbles have

not been noticed.

The Department is indebted to Mr. J. E. Phelps of Jealgora

who spent considerable time and trouble in collecting pebbles and

boulders from the sandstone overlying No. 17 coal seam in the

Barakar stage in the Jharia coal-field, with a view to the elucida-

tion of their origin. Some of the pebbles shewed distinct facets,

but since nearly all of these were found to coincide with joint planes,

it was the general opinion that there was no conclusive evidence

of glaciation.

The coal-seams in the Barakar stage have proved to be less

irregular than was imagined from previous information. It has

also been found that the base of the Barakar stage includes beds

which were earlier thought to be carbonaceous strata in the Talchirs.

There is thus no evidence of plant fossils in the Talchirs of the

north-west corner of the Jharia field as previously supposed.

The work has advanced far enough to show that there will

be considerable differences in the numbering of the coal-seams

with regard to the old maps, but Dr. Fox is of the opinion

that a re-numbering of the seams will lead to confusion and

for the present no change in the recognised number of a seam

is to be made. In many cases a conglomeratic sandstone is found

lying immediately on a coal-seam with large quartzite pebbles rest-

ing on the coal. The field evidence indicates that the substance

of the seam must already have become coal before the pebbles

were deposited on it as the pebbles have not sunk into the coal.

In addition to his work in the Raniganj and Jharia coal-fields

Dr. Fox’s duties in connection with the new coal-fields memoir
took him to the coal and lignite areas of the Punjab, Rajputana,

Baluchistan and upper Assam. In his opinion the coal of Tertiary

age in north-western India is of one horizon, the so-called Laid

stage (middle to lower Eocene). A great area of marshland

and lagoons appear to have covered this region in Eocene times.

It is Dr. Fox’s opinion that although the lignite of Palana (Bikanir

State) may have accumulated on the tracts on which the vegetable

matter once grew, this cannot be true of the brown coal of Isa Kiel

nor of the highly bituminous coal of the Salt Range and Baluchistan.

In several localities the coal-seam is seen to be intercalated between

shales containing marine fossils. Even in the case of the lignite

of Palana it is thought likely that the vegetable material, after
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conversion into mature peat, has been transported in water, pro-

bably in the form of gelatinous material, and deposited in shallow

coastal lagoons or in the quiet waters of a gulf. These north-

western coals are rich in volatile matter, relatively low in ash if

worked cleanly, and remarkably high in organic sulphur. They
are exceedingly friable and therefore do not stand transportation

or weathering. They would do well for the manufacture of

gas but are clearly not suitable in a raw condition for steam rais-

ing or simple combustion. If care be exercised in picking out

the dull shaly coal the remainder gives a coke of fair quality.

In connection with Dr. Fox’s visit to Assam, he reports that the

coal-field beyond the Namchik, discovered in 1911 by Dr. E. H. Pascoe

and Mr. G. Webster, is far more attractive than many have supposed.

Dr. Pascoe’s opinion that it is an important area has been fully

proved by the work of the geologists of the Bunnah Oil Company
beyond Namchik, where they have found, according to their esti-

mates, over 25 million tons of good coal in a gently inclined thick

seRm. The working of this seam will not involve pumping, as the

seam is above the drainage level of the surrounding country. The

tract is at present somewhat inaccessible. It is evidently the same

seam as is found in the “ Coal-Measures ” of the Makum coal-field.

In a new quarry, Tipong Pani, Dr. Fox found a thin band contain-

ing gastropods, including a doubtful Natica in a shale band above

the 20-foot seam. The true age of these Assam “ Coal-Measures
”

has never been accurately fixed but the provisional view is that

they are the equivalents of the Pegus of Burma and therefore pro-

bably Miocene.

After completing his work in the Makum, Jaipur and Nazira

fields, Dr. Fox visited Badarpur, where the “ Coal-Measures
”

contain petroleum instead of coal. He accompanied Mr. H. M.

Sale to the Kanchanpur boring, about 25 miles S. S. W. of

Badarpur, to collect fossils from a horizon which Mr. Sale had

found in 1921, Dr. Fox with Mr. Sale’s assistance brought away

a fair collection of fossils. These have been provisionally ascer-

tained by Sub-Assistant P. N. Mukherji, to indicate an upper Oligo-

cene rather than a Miocene horizon for the fossil bed and incidentally

for the petroleum-bearing “ Coal-Measure ” beds. In the Makum
field at Bara Oolai near Margherita oil has been struck in a well

at a depthj^of nearly 2,600 feet below the coal of the Coal-Measures,

pr. Fox remarks that it is thus possible that although the petrc-
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leom horizon is upper Oligooene the coal seams may lie in the Miocene

stage. Unfortunately the gastropods found by Dr. Fox at Tipcmg

Pani are with doubtful exceptions unidentifiable. He has, how-

ever, made a collection of fossil plants from the coal seams of the

Makum and Nazira fields. These have been sent to Professor

B. Sahni for identification. Dr. Fox agrees with the vniter ^ that

the occurrence of coal and oil in the Assam “ Coal-Measures
’’ de-

notes some intimate genetic connection between these two subs-

tances.

Parts of the following Survey sheets of the Salem and North

Arcot districts of Madras were mapped by Rao Bahadur M. Vinayak

^ ^
Rao ; Nos 67 P/1, P/3, P/4 and L/13 (1 inch-

to-the-mUe).

The following formations were met with :

—

Recent :—Alluvium of the Palar and smaller streams.

Archaean :

—

Jalarpet intrusive : syenites, mottled gneisses and granites.

Chamockites : norites, leptynites and acid chamockites.

Gneisses and granites ; hornblende gneisses, schists, etc.

Dharwars
:

quartzites and hornblende schists.

For a river of the size of the Palar the alluvium is neither wide-

spread nor of any great thickness. There is little doubt that it

has changed its course in this region. Beds of sand, conglomerate

and clay are found in the valleys of streams where they debouch

from the hills. Intrusives of the Jalarpet series were found

extending from south of Tiruvannamalai (P/4) northward beyond

Katpadi across the Palar. They consist of pink felspar pegmatites,

mottled gneisses, hornblendic gneisses and syenites. Some of the

dykes found in this area may be of the same age as these intrusives.

lie mottled gneiss with biotite mica is seen in Uie railway cutting

between Kaniyambadi and Kannamangalam (12® 46'
;

79® 9' SO'"

:

P/1) and also west of the road from Katpadi (12® 67' 30"
;
79® 8')

to Chittoor. It is also found extending south of Tiruvannamalai

(12® 13' 30"
;

79® 4'). Near Vettavalam (P/4) is found a coarse

hornblendic granite which extends westward.

In the mottled gneiss are found pebbles of chamockite (mostly

norites).

^ Paecoe ; Mtm. Oeol, Surv, Ind., XL, pp. Sl8-324<

•«
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A thin band of syenite is found near Pallikenda, where the mot-

tled gneiss is found at the base of the hilL A quarts felsite was

notioed south of Anaikattu (P/1).

Gametiferous leptynites and acid charnockites were found by

Mr. Vinayak Rao in the hills east of Vellore. The chamocldteB

form the mass of Tiruvannamalai Hill (P/4), and seem to extend

only a few miles south of Tiruvannamalai.

In sheet L/13 charnockites of the acid variety are found along

the base of the hill south of the Palar river, 3 miles east of Ambur.

Charnockites also form the main mass of Pallikonda hill.

Charnockites extend along the railway line in sheet P/3, and

tongues of this are found intruding the older gneisses here. The
southern part of Periyamalai oonsists mostly of intermediate char*

nockites. Bands of norites are found south of the Jagkudu’s

Lodge at Pusimalaikuppam (12® 47'; 79® 16'. P/1). Charnockites

have not been noticed north of the Palar.

The older gneisses and granites are of small extent, and consist

mostly of hornblendic gneisses and granitic gneisses. They are

generally contorted, and in some places, such as the eastern face of

the hill about 1 mile north of Kannamangalam railway station

(67 P/1), are full of garnets. Contorted gneisses are found south

of the road at mile 16 from Kannamangalam to Walajah Road
station. The older gneisses are found in sheet P/4, where they

are intruded by the mottled and hornblendic gneisses. They arc

also found at the base of the hills in P/3. Small bands of

Dharwars with hfismatite and magnetite were noticed by Mr. Vinayak

Rao on the hill east of Sottukinni oast of the Cheyyar river in

P/3 as well as east of Agaram Sibbandi railway station.

Bandsof quartzites are found on the western slope of the Peri*

yamalai and Camatiogarh hills.

Dr. G. de P. Cotter was placed in charge of the Punjab Party

........ .
was employed in mapping the uncompleted

Attock diftrict, Piifi]sb« . / a i i -j a i j 4^

portion of the Attock toAw, Attock district

(Eala Chitta and Margala Hills, and minor intervening ranges).

Portions of sheets 43 C/6, C/6, C/9, C/10, and C/13 were mapped.

This has resulted in the joining up by continuous mapping of the

work done by Dr. Pascoe in the Chak Dalla and Fat^jang areas

(Mem. Oecl. Surv. Ind.^ XL, pt. 3, plates 71 and 73) with the Hazara

map of Mr. C. 8. Middlemiss (/bid., vol. XXVI). Meanwhile the work

of other members of the party has carried the geological map south*
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wards over the Potwar plateau to the neighbourhood of the Salt

Range. The geology, as might be expected, is very similar to that

of previously mapped areas. Dr. Cotter regards the Attock Slates

at Attock as the continuation westward of Mr. C. S. Middlemiss* Slate

series in Hazara.

The extended map of the Kala Chitta presents few new points

of interest. In the south of the range, in the area mapped by

Mr. H. M. Lahiri, some identifiable fossils (belemnites, ammonites,

and lamellibranchs) were found, and a collection made by Field

Collector, N. K. N. Iyengar. This officer also collected some poorly

preserved brachiopods from the Trias in the cutting north of the

first railway tunnel south of Campbellpur (Kundian line). In

the north of the Kala Chitta and in the minor more northerly ranges,

the Giumal belemnite beds appear to be absent.

A feature of the Trias, which was not observed in the area mapped
last year, is the presence of red ferruginous beds, which are associated

with the fossiliferous marls from which the brachiopods mentioned

above were collected.

North of the Kala Chitta are three minor ranges, viz., the Kawa
Gar, the Campbellpur Hills, and the Kheramar with its eastward

extension the Hasan Abdal group - of hills. The structure in all

these is the fan structure, and anticlinal and synclinal crests

are very frequently obliterated.

The Kawa Gar, according to Dr. Cotter, consists of isoclinally

folded Trias and Giumals with a strip of Lower Nummulitics along

the northern margin. Between the Lower Nummulitics and the

Trias-Giumal complex is a belt of shales of uncertain age ; they are

later than the Giumals and older than the Lower Nummulitic

Limestone, and may represent either the Lower Eocene (Ranikot)

or the Cardiia beaumonti beds. Unfortunately they are unfossili-

ferous. They appear to be more closely connected with the Lower
Nummulitic Limestone than with the Giumals, but are separated

from the former by a red bed which may correspond to the ferrugi-

nous pisolite. In the Kheramar the Giumals are missing, and

also in the isolated hills which form an extension to the east, except

in the Hasan Abdal Hill itself, in which the Giumals occur on the

S. W. flank.

At the local base of the Lower Nummulitic Limestone at the

eastern termination of the Kheramar, there are black shales with

sparse mpmmulites
;
these are only exposed ip stream sections,
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In the Hasan Abdal Hill the base of the Lower Nummulitic

Limestone is marked by a bed (6 ft.) of ferruginous pisolite and above

this about 60 feet of soft nodular limestone containing eohinoids

;

these appear to belong to a new species of Echinolampas^ perhaps

related to E. lepadiformis D. & S. In the Bajar Hill to the east a

Nautilus—unfortunately specifically unidentifiable—^was found from

the echinoid zone.

Dr. Cotter, in the course of his survey, noticed several erratic

blocks
; the largest, 9 feet high, 10 feet long, and 6 feet wide, rested

upon Triassic Limestone about 3^ miles east of Campbellpur. The

block itself was of granite gneiss and must have travelled from a

considerable distance, perhaps from the north of Hazara. Erratics

have been previously noticed by Wynne, Theobald, and Middlemiss

;

the latter {Mem. OeoL Surv. Ind., XXVI, pp. 45, 46) supposes the

erratics of the Potwar near Jhand to come from a concealed ridge of

Crystallines hidden beneath later deposits. This explanation will

not suit the occurrence east of Campbellpur, and we are forced

once more to consider the possibility of a glacial episode in the

Punjab. Dr. Cotter also noticed some deposits of unsorted material

and boulder beds south of Dhok Umre about 3 miles E. S. E. of

Campbellpur.

If a glacial episode is the true explanation, it must be supposed

that subsequent water action and denudation has all but obliterated

its traces. No trace of U-shaped valleys or of roches motdomes

remains today.

Some minor corrections of Messrs. Wadia and Lahiri’s maps
of last season (sheets 43 C/14, C/15, and C/ll) were made.

The area geologically surveyed by Sub-Assistant H. M. Lahiri in

field-season 1926-27 lies mostly in the Pindigheb but partly also

in the Fatehjang iahsU of the Attock district and comprises the

whole of Survey sheet 43 C/7 and considerable portions of sheets

43 C/2 and C/6. In 43 C/6, his work lay in continuing the surveys

already made by Drs. E. H. Pascoe and G. de P. Cotter.

The geological fornations met wdth in sheet 43 C/6 are Murree

beds, the Chharat series, Lower Nummulitios, Giumal beds and

Trias. The lithology is similar to Dr. E. H. Pascoe’s descriptions

of the various formations in the Chak Dalla area^ The Triassio

^ Mm. OeoL 8wb. Ind., voL XL, pp. 383-*38&
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•nd Cliumal b«da oeoor as inEera in Lower NnmimiUtio Emastone

which constitutes the bulk of the Kala Chitts bilk. The Triassio

limestone is for the moat part unfosuliferous. The oehieous

limestones of the Giumals immediately underlyii^ the Lower Num-
mulitic limestone are in places hig^ fossilifwoas but the wgaiuo

rnnains are mostly in the shape of shell-markings. Among the

few identifiable fossils collected are some specimens referaUe to

Trigonia mxAra Lam., a species also ocooiring in the Cretaceous

beds of Southern India. The fossiliferous ochreous limestone beds

are underlain by some olire or greenish sandstone idso of the Giumal

series. Below this sandstone and overlying the unfosaliferous

Triassic limestones is a thin bed which )delded a number of bivalves,

bdkmnites and ammonites, the last being mostly ill-preserved.

Among the fossils is a large bivalve which has been provisionally

identified with Cienostreon proboseidea Sow., a species oocnrring

in the lias of Europe. Another wdl-preserved bivalve is a Ory-

phcea, thought by Mr. Lahiri to be related to Q. arcttata, another

common species of the Europemi lias. Besides tiie livalves,

there are belemnites and ammonites which, when worked out,

may throw further light on the age of this bed. The Murree beds

exposed in the sheet belong mostly to the Basal and Lower stages

oi the series. Some mammalian remains were collected from

these beds. One of these has been identified by Dr. G. £.

Pilgrim as Amp/iicyon shaibazi, a species also found in the

Gaj of the Bxigti hills.

The whole of the southern half of Survey sheet 43 C/2 was sur-

veyed. The major portion of this sheet is oocnpied by a sandy

alluvium, outcrops of rocks being confined to the north-eastern

comer and along the larger stream-courses in the westorn half of

the ^leet. The formations exposed are the Chhwats and the

Murree series. The Obharats occur as narrow elongated hriiets

in the midst of Murree beds (Basal and Loww stages) which con*

stitttte the bulk of the hills to the north and north-west oi Thatta

(33° 36', 72° 13').

The geological formations mapped in Survey sheet 43 0/7 are

the Maraeea and the Siwaliks (KamHal, Gfainji and Middle Siwalik

stages). 13ie lithcdogy of the beds is similar to that of the fomw-
Hem in the .etmttguous sheet 43 0/11, described in last year’s

report. All the beds from Murrees to Middle SiwsUks contain

vertebrate remains. Fossil wood is not infrequently met with
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in the Upper Morree beds which occupy a large area in the

northern half of the sheet.

The general strike of the beds in sheet 43 0/7 is E.-W. and the

dips mostiy ncwrtherly. Three successive strike-faults have been

mapped in the sheet, in consequence of which Upper Murree beds

have been brought into juxtaposition with Basal or Lower Siwalik

beds to the south. These faults, with the exception of the most

northerly one, are traceable along the whole width of the sheet.

The most northerly fault which is the westerly continuation of the

main fault observed last year as running along the south flank and

foot of the Khairi Murat Hill in sheet 43 C/ll, when followed

westwards, is seen to die out at Nathial (33® 25'; 72° 24'), but re-

appears again near the western margin of the sheet. North of the

faults, the beds have a general northerly dip. South of the most

southerly of the faults, the Siwalik beds are exposed first in a syn-

clinal fold pitching east and then in the dome-structure of the Ithaur

anticline. The Lower Siwalik beds of the western flank of the

Khaur dome dip westwards beneath Middle Siwalik beds, occurring

in a synclinal trough occupying the valley of the Sil river north and

north-east of Pindigheb (sheet 43 C 8).

Besides regular mapping, some revision work in the area sur-

veyed last year, was also done during the season.

Daring the field-season 1926-27 the Rajputana Party consisted of

Dr. A. M. Heron (in charge), Mr. A. L. Coulson and Dr. 8. K. Chat-

terjee, Assistant Superintendents, and Sub-Assis-
8 putana.

^ Gupta. Mr. Coulson continued his

survey of the Sirohi State, and the other members of the party

worked in the Mewar (Udaipur) State.

In Mewar the undernoted 1-inch-to-l-niile sheets of the Central

India and Rajputana Survey (old numbers) were worked on : 143

(Dr. Chatterjee), 144 (Dr. Heron and Dr. Chatterjee), 145 (Dr. Heron,

Dr. Chatterjee and Mr. Gupta), 146 (Mr. Gupta), 172 ^Dr. Chatterjee

and Mr. Gupta), 173 (Mr. Gupta) and 714 (Mr. Gupta).

Mr Gupta’a work in Mewar was essentially preliminary mapping

south-eastwards from Udaipur City along the line of unoonfmmity

at the base of the Delhi system, and then eastwards across the plain of

central Mewar occupied by phyllites of the Aravalli system, granites

and mixed gneisses. For the last six weeks of the season he conti-

nued Mr. E. J. Bradshaw’s naappiiig of tiia s3mclineB of ^ Jaarpur
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and Sabalpura hills ^ eastwards through Jaipur and Bundi State,

in sheet No. 265, to their termination.

The non-porphyritic, medium-grained, pink granite (the Berach

granite) with secondary chlorite representing the ferro-magnesians,

which occupies large areas of the plain in the neighbourhood of

Chitorgarh,^ is, in Dr. Heron’s opinion, identical with the Bundel-

khand Gneiss ;
this is in accordance with the views expressed in the

Manual of the Geology of India (p. 68). The Axavallis rest upon

this with an erosion unconformity, and it is thus the oldest rock

in Rajputana. To the west this granite gradually becomes, by

pressure metamorphism, a grey slabby gneiss. Further to the north,

N. of Unwa Urwas 24® 68'
;

73° 46') is a large exposure of

the dark granite gneiss which is the dominant intrusive in the

gneissic plain of Ajmer and Kishengarh.

The southern edge of the Mewar plain forms part of the main

watershed of India. The slope is very gentle towards the north-

east, in the direction of the Ganges valley
; to the south, the fall

ultimately to the Gulf of Cambay is much steeper and the country

is deeply dissected, affording excellent exposures, over a distance

of more than 30 miles across the strike, of the rocks which form

the plain. These present a typical ‘‘ gneissic complex ” in which

igneous rocks of several types and times of intrusion, are intimately

injected one with another and the whole suite welded, while still

in a plastic state, into a streaky and banded composite gneiss.

The strike of the foliation varies from N.-S. to N.N.W.-S.S.E.

and its dip, in the east of the tract, is westwards, and in the west, is

eastwards. This does not however indicate a synclinal disposition.

Over certain areas in the western portion, the foliation is almost

horizontal, but high angles approaching verticality are the general

rule.

In such a complex it is difficult to ascertain the relative age of the

elements, as each may have reached its present position at more

than one period, and also, through pressure acting on a partly solid

and partly unconsolidated, association, mutual intrusion in situ

may have taken place, involving elements of different period. The

under-noted succession can therefore be considered as only an

approximation to the truth.

^ BiO. Otol. Bkiv. Ind,, LUC, pp. 104-6.

OsoL tSvfp* Ind^ LUC, p. 94» LX, pp. 11% 118.
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The oldest member of the complex, in which all the others are

intrusive, is believed to be a gneissic granite, with biotite in about

the same relative proportion to the other minerals as in an average

granite. This occurs both in large masses almost free from later

intrusions, and also as a composite gneiss with pegmatite and aplite

in intimate interfoliar banding. Around the borders of the intru-

sion free masses in many cases occur which may be interpreted as

sheets of the gneissic granite detached by the pegmatite and aplite.

Towards the east the gneissic granite is cither absent, or has become

less biotitic. In the latter case it is probable that its place is taken

by a medium-grained granite, little foliated and poor in malic mine-

rals
; this, however, may belong to the pegmatites and aplites,

intermediate in grain between them. It has a certain resemblance

to the Bundelkhaiid Gneiss, but this may be purely accidental. In

places a fine-grained, unfoliated granite carrying biotite occupies large

areas ; this may be a fine variety of the fundamental gneissic granite.

The next in age, according to Dr. Heron, are probably the

epidiorites and hornblende schists, resulting from the metamorphism

of dolerite or other basic rgcks. They are usually in large lenses

and sheets, parallel with the general foliation, though small-scale

banding with the other elements occurs in a minor degree.

In general younger than these, but no doubt belonging to more

than one period, are the pegmatites and aplites, which grade insen-

sibly into each other. Unlike the post-Delhi pegmatites, these

rarely contain tourmaline or muscovite and they ivre never so coarse

nor in such large bodies as the post-Delhi pegmatites. They all

show markedly the effects of compression, and occur, for the most

part, as sheets parallel to the oliation, of all sizes from a width

of many feet down to a few inches. With the gneissic granite, and

to a less extent with the hornblende schists, they produce composite

gneisses of very variable aspect.

Last of all are the quartz veins. In the present area^ Dr. Heron

remarks, they are the only intrusives which penetrate the overlying

ouHters of Delhis and the Aravalli phyllites. Quartz veins have

probably accompanied all the acid rocks, but those in the sedimentary

series are of course of a much later epoch than those coeval with

the igneous rocks of the complex, from the denudation products of

which the sedimentaries were laid down.

To the east the Aravalli phyllites rest upon the rocks of the com-

plex with what appears to be an erosion unoonformity, from the
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Dvidence of the single section which Dr. Heron has been able to find

so far. To the west the main syncline of the Delhi system, with a

clear erosion unconformity at its base, several outliers of the Delhi

system (probably of the Raialo series) are disposed in two elong>

ated isoclinal synclines, running north and south, not usually more

than a mile wide, and one of them has been mapped by Dr. Chat-

terjee and Mr. B. C. Gupta at intervals for more than 30 miles along

the strike. At Bhindar (24"^ 30' :
74"" 14'), on this syncline, basal

grits and arkose, derived from the gneisses, indicate the uncon-

formity.

The relationship Of the Bundelkhand Gneiss to the mixed gneisses

of the complex is not yet known, as it has so far not been found in

contact with them.

The unconformity at the base of the Delhi system has this year

been traced, in a general way, to the southern frontier of Mewar,

though much detailed work has still to be done in the coming

field-season.

The tract of complicated folding and faulting north of Udaipur

City has yielded important results. It is found that the Rajnagar

marble,^ with the schists and basal quartzite below it and other

sch sts above it, emerges from below the basal conglomerates of the

main Delhi syncline, and outliers of these conglomerates r^t both

upon the marble and the associated schists, and upon the mixed

gneisses which unconformably underlie the marble series.

As Dr, Heron points out, there is thus a double erosion imconform-

ity, the Rajnagar marble with its associated schists and basal

quartzite resting upon the mixed gneisses, and the basal conglomerates

and quartzites of the main Delhi syncline overlapping both.

There is little doubt that the Rajnagar marble and its associates

are identical with the white dolomitic limestone of the Jazarpur

and Sabalpura hills, and of the Pur-Banera ranges, of Sawar

in the extreme south of the Ajmer district,^ and of numerous other

snudl .outliers scattered over the central plain.

In Dr. Heron’s opinion the correlation may with safety be carried

still farther, to link up with the Raialo limestone and quartzite,

which in the south of the Alwar state locally intervenes between

the base of the Alwar series and the underlying granite.*

^ Etc, Qtoi, Bwtv. Ind,, LX, pp. 110-1.
* Etc, CM. Burv, Ind,^ LX, pp. 117-d.
* Mem. OteL Burv. Ind., XLV, pt. 1, pp. EM.
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In Alwar the Alwar series and the Baialo series appear to be

conformable, as there is no visible discordance of bedding, but the

lowest beds in the Alwars are conglomerates, indicating surface

conditions and a break in the succession and the unconformity

is probably present here also.

In Jodhpur State, on the other side of the great Delhi syncline,

Mr. Tipper and Dr. Heron mapped extensive deposits of crystalline

limestones which have a similar relationship with the Delhis and

the basement of gneiss, and these may now be equated, with more

than probability, w^ith the Raialo limestone and the Rajnagar

marble.'^ Further, the celebrated Makrana marble, which litholo-

gically is very similar to the Raialo limestone, lies along the strike

of the Ras limestones, though separated from them by many miles

of alluvium and blown sand, and is considered by Mr. Tipper to be a

continuation of them.

A wide-spread, but quite probable, correlation is thus advocated

between all these occurrences of white dolomitic limestone in Raj-

putana, bringing them all under the Raialo limestone. As, in

Mewar, the limestone has, both above and below it, considerable

thicknesses of other rocks, the association may be termed the Raialo

series, and may provisionally be considered as the lowest division

of the Delhi system, separated from the Alwar series by a distinct

unconformity, which, however, is not of such a magnitude as the

profoimd unconformity between the Delhi and the Aravalli systems.

At the beginning of the season Mr. Coulson was engaged on

water-supply questions at Dabheji-Jungshahi (North-Western Ry.),

Tirth Laid and Gopang in Sind, and, while on his return from

Sirohi to headquarters, investigated the water-supply of Jhansi.

About 455 square miles of Sirohi State were geologically mapped

during the season, on the 1-inch-to-l-mile Central India and Raj-

putana Survey sheets 77, 95, 96, 97 and 120 (old numbers) ;
this

is in continuation of the previous season’s field-work.

The sedimentary rocks present consist of limestones and calcic

rocks, mica-schists, phyllites and slates, and quartzites, and these

are highly metamorphosed and profusely intruded by igneous rocks.

In the hilly country to the south-east of Abu Road Railway Station,

these sedimentary metamorphics are seen to be thrown into isoclines

^ Loc. c*<., pp. 48-50.
* Btc, Otol, Surv, Ind., LV1» p. 62.

L



132 Records of the Geological Bwvey of India. [ Vol. IjXI.

and overfolds. The quartzite to the south-east of Bandia Gadh (24^

26' : 72® 61') is faulted into juxtaposition with the limestone on the

former’s northern and eastern boundaries, and brecciation has taken

place along the junction between mica-schists and limestone from

Abu Road, south-eastwards.

The Erinpura granite, which has been described in last year’s

General Report,^ stretches south-west from the massif of Mount Abu
into Palanpur State, where it forms the high Jaira hills. Mica-

schists are found as patches surrounded by granite and represent

portions of the roof of the great bathylith.

A large mass of a younger granite occurs in the south-eastern

oomer of the state, where it adjoins the Idar and Danta states.

Mineralogically this is very similar to the Isri ^ and Waloria *

granites and is thus probably to be referred to the Jalor granite of

LaTouche.

In the south-western area of Sirohi State, especially near Padar

(24° 29' : 72° 31') numerous dykes, striking E.—W., form a net-

work with the schists and limestones striking N. E.—S. W. They

cut the quartz (pegmatitic) veins from the Erinpura granite, and are

thus younger than it, and may be provisionally considered as hy-

pabyssal feeders of the Malani rhyolites. Miueralogically they

are composed of sericitised potash felspar, hornblende, a little quartz,

and a varyiog amoimt of iron-ore, and are rather basic microgranites,

the fine-grained equivalents of the Isri (Jalor) granite to the northeast.

Two occurrences of an interesting rock new to this area were

noted one mile south-east of Karari (Abu Road Railway Station)

and at Chaudrawati (24° 26' ; 72° 47') ; this varies from almost a

trootolifce (olivine and labradorite) to an olivine-gabbro (olivine,

titaniferous augite and labradorite.
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ACTINODON risinensis, N. SP. IN THE LOWER GONDWANAS
ofVihi District, Kashmir, by D. N. Wadia, ^^ssis/-

ant Superintendent, Geological Survey of India, and
W. E. SwiNTON, British zMuseum, Lmdon^ (With

Plate I.)

The present fossil was found in a small ontcrop of Lower dondwana

rocks near the Risin hamlet (1| mile E.N.E. of Zewan, Vihi dis-

trict, Kashmir), not far from the site from
ntroduct on.

wliich Noetling obtained plant and vertebrate

fossils in 1902 (described by Seward and Woodward in Pal. Ind.,

New Series, Vol. 11, Mem. 2, 1906). The Acttnodon skull occurs

in association with numerous remains of fossil Ganoid iish and

pteridospermous plants in a series of beds of remarkable petro-

graphic constitution, which look exactly like, and have hitherto

been described as black carbonaceous shales, but which in reality

are extremely pure glassy volcanic tufis, finely laminated for the

most part.

The importance of the present find, besides the purely palaeon-

tological interest, lies in the association of indubitable Lower Gond-

wana fossils with a rock-group of this peculiar lithology, a circum-

stance which helps in fixing an important stratigraphical horizon in

the Punjab range of the middle Himalaya. For a similar group of

volcanic glassy tufb and slates occurs conformably at the base of a

very thick series of unfossiliferous coarse sediments, along the S.W.

flank of the Pir Panjal ; this latter series has been, on various

grounds, ascribed to the Lower Gondwana by one of the present

writers,* but positive evidence was lacking as the series did not yield a

single indubitable fossil plant or animal.

The stratigraifluoal sequence in the Pir Panjal recalls in its main

elements tiiat in the Vihi district and, as Middlemiss’ work has

tended to prove, occurs in Ltot in the south-western limb of the geosync-

linal of the Kashmir valley.* The occurrence, therefore, of the present

^ TIm ftratignpliioftl aoocmnt in the above paper is written by Mr. Wadia who
ooOeoted the foesU ; the palnontcdogioal deeoription is by Mr. Swinton.

• Mmm, ChoL 8wrv, Ind,, Voi IJ, Pt. 2.

•Rec. OeoL Swv. Jnd,^ VoL XU Pt. 3 ; and Ifec. OtoL 8wrv. Ind,, Vcl XXXVH, Pt. 4.



142 Records of the Oeologioal Survey of India. [ VoL. LXI.

fossil in a rock-series of this peculiar nature in Vihi establishes, with

reasonable approximation, the Lower Grondwana age of the Pir

Panjal sediments, which overlie it with perfect conformity, but

which in all other respects are unlike the Vihi sediments. For,

while in the Vihi area the overlying Gondwanas are barely 60 feet

thick and are composed of iine-grained siliceous shales with limestones,

the Panjal Gondwanas are composed of coarse conglomerates,

t-andstones, and sandy shales, over 6,000 feet in thickness.

The following section, pieced together from the closely adjacent

Risin and Zewan outcrops (situated about 1 mile apart, along the

„ . .
same strike-line) gives the stratigraphical relations

SMIj-phy.

StiikeE.N^toN.G. Dip 30*.

fSandy, thiok-bedded, grey limestone

Zewan stage (Penno-Carboni-J with Aihyru, Produdus, ProiortUponit

fero\ifi).
I

etc., showing rapid but perfectly con-

[ formable passage into

^Dense, black, slaty tuff (grey or buff on
exposure) contuning many plants, fish,

Archegoaaurus, Actinodon, . . 100 feet

Gangamopteris beds Thin lenticular limestone and chert bands . 10 „
(Upper Carboniferous). < Black flaggy and laminated glassy tuffs, ring-

ing under the hammer, with Gangamopteris
only 20 „

Black, coarsely crystallised limestone, showing
metasomatic change into flint . 4 „

^Green siliceous shales .... 3 „
Conformity

^
!
Amygdaloidal bedded basic lava flows . .

The fossil fishes belong to the genus Amblyjtenu—Arnblyptemu

kashmirensis A. S. W., Amblypterus symmelricus A. S. W., AnMyptmu
sp. indet.—and consist of impressions of cranial, abdominal and

caudal regions with recognisable elements of the skulls and limbs.

The plant remains associated with the Aoinodon are:

—

Gangamopteris kashmirensis.

Gangamopteris sp.

OhssopUris indiea.

VerUitraria vnd^.

GaUipteridium sp.

Cordaites sp.

PtygmopkyUum sp.

Oinigo ?p.
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The chief fossiliferous zone is made up of the upper tufis which are

exposed in a series of small dip-slopes over the whole length of the

hill-face, the dip of the beds—about 30°—corresponding with the

slope of the latter. The lower tuffs have so far yielded only frag-

ments of Gangamopteris leaves. Both these tuffs have been Wtherto

spoken of as carbonaceous shales, the presence of plants being as-

sumed as sufficient evidence of the carbon content. But there

is neither clay nor carbon in them, as a microscopic examination

shows. The rock is wholly composed of glass particles with a few

tiny crystals of felspars. The black colour is due to iron and

bleaches rapidly on all exposed parts. The rock gelatinises easily

with acids and splinters on the application of heat.

The rapid but perfectly conformable passage of the tuffs into

the Prodt/ctws-bearing limestone of the Zewan stage is conclusive

evidence of the Upper Carboniferous age of Actinodon risinensis.

The specimen consists of a piece of matrix bearing the impres-

sion of the greater part of the upper surface of a Stegocephalian

Palajonfologkal skull. The skull has been slightly flattened

account. and traces of the mandibles with teeth are

observable on its lateral borders. About half of the post-orbital

region and the tip of the snout are missing. Despite this the con-

dition of the features preserved is sufficient to indicate that the spe-

cies is new. The general proportions are very similar to those of

Actinodofiy to which genus we propose to refer the specimen. This

genus was established in 1867 by Gaudry (Nouv. Arch, du Mus.

Paris, 1867, Vol. iii, p. 23) for some material from Autim to which,

however, he gave no specific name. In the same paper {loc. cit.,

p. 31) he drew attention to the similarity between Actinodon and

Afchegosaurus IcUirostris and figured the latter as Actinodon latirostris,

which, accordingly, became the type species, although later French

writers overlook it as such. Gaudry subsequently established the

forms, A, frossardi (BuU. Soc. Geol. de France, 1868) and A. brevis

(Les Enchainements du monde animal—fossiles primaires, Paris, 1883,

p. 266). In 1910 Th6venin (Ann. de Palaeont., 1910, Tome V,

fasc. 1) redescribed and figured the two latter forms and showed

that they represent different growth stages of a single species.

The new specimen is closely similar in size to the Actinodon brevis

stage but various features prevent its reference to any growth stage

of the type species. From the locality of its occurrence we propose

to name it Actinodon risinensis.
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Genus : ACTINODON Gaudiy.

Actinodon RifiiNENsis, sp. nov.

Diagnosis.—Skull slightly longer than broad with the lateral

borders more convex than in the type species
;

orbits comparatively

large and in the middle of its length the squamosal much narrower

than in A. latirostris
;
squamosal border of the otic notch running

more backwardly. Fronto-parietal suture anteriorly placed.

Material.—Impression of the greater part of the upper surface of

the skull. Holotype. In the collection of the Geological Survey

of India.

Horizon and Locality.—Permo-Carboniferous—basal Gondwana.
Zewan Spur, Vihi, Kashmir, India.

Dimensions.

A.riainenaia. A. brevis

(Gaudiy’s fig.)

Maximum length .... . . 93 mm. 94 mm.
Length along middle line . 78 »» 78 yy

Maximum breadth .... . 86 yy 88 yy

Breadth of hinder border of equamosal . . 11 yy 18 yy

Breadth aoroes posterior edge of orbits . . 72 73 yy

Breadth across middle of orbits . 64 yy 64 yy

Breadth across anterior edges of orbits . . 58 yy 58 yy

Length of orbits . 21 yy 17 yy

Breadth of orbits .... . 17 yy 13 yy

Inter-orbital breadth .... . 16 yy 13 yy

Diameter of parietal foramen

Breadth of skull across nares

. 3

. 33

yy

yy

a •

33 m.m.

Description.—The region of the skull posterior to a line joining

the hinder borders of the left squamosal and the right orbit is mis-

sing, as also is the tip of the snout with the left narial opening. The
impression of the greater part of the skull is, however, quite well

preserved. In general size and shape it closely resembles A. brevis

although the lateral borders of the skull are more convex than in

that form and resemble those of A. frossardi. The whole surface

is covered with a fine ornamentation in the form of small rounded

pits, which occasionaUy—and especially in the nasals— show a radial

arrangement. The impression of the left squamosal is complete

and is chiefly remarkable for its narro^ess, being little more than

half the width of that of A. brevis. The squamosal border of the
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otic notch is, and the notch itself appears to be, directed more

backwards and to a less degree outwards than in the type species.

The remaining bones of the skull call for no detailed description.

The sutures are discemable with some clearness on treating the

impression with a solution of Canada balsam in xylol and are re-

prt^uced as far as traceable in figure 1, Plate 1. The parietal bone is

comparatively large, the fronto-parietal suture being placed further

forwards than in the figures of A. frossardi or A. brevis. In Th^venin’s

figure of A. frossardi the suture is practically coincident with the

line joining the posterior borders of the orbits. The parietal

foramen is circular with a diameter of 3 mm. The orbits, situated

in the middle of the length, are ovate and have their ‘long axis parallel

to the lateral borders of the cranium. They are comparatively

large, their length being approximately two-ninths of the maximum
length of the skull as against two-elevenths in the case of A. brevis.

The impression of the right naris is completely preserved and is

comparatively large; it is close to the rostral border and has its

long axis directed forwards and inwards. The characters of the

mandible are well seen in a cast made from the impression and are

closely similar to those figured for the type species. The teeth

are narrowly conical and measure about 4 mm. in length. The

remaining features to be seen in the specimen are quite similar

to those of the skulls described by Gaudry and Th^venin and call

for no further description.

The occurrence of this new form in the locality which has already

yielded the remains described as Archegosawrus omatus by Smith

Woodward {Pal. Indica, New Series, Vol. II, Mem.' 2, p. 13) is

interesting and it is to be hoped that farther specimens from this

stegocephalian fauna will be forthcoming.

EXPLANATION OF PLATE

Platk I. Actinodon risinensis, sp. nor. Upper Burfaoe of the skull m
drawn from the pression, natural size. The broken line indicates restored

portions. Si^. -squamosd ; Aa.=:auditory notch; Pa.= parietal ; P. f.=

parietal foramen; Fr.=frontal; Orb.aorbit; Na,=na^; Nar.^nariaL

aperture.
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MISCELLANEOUS NOTE.

Further Note on the Nomenclature of HoUandite.

In a paper ^ published some years ago I proposed the institution of a

new group of minerals to include the crystalline mineral hollandite, its

amorphous form psilomelane, and coronadite, a fibrous mineral described

by W. Lindgren and W. F. Hillebrand, from the Clifton-Morenci copper
area of Arizona, United States of America, the last-named mineral bemg
regarded by me as a manganese-lead manganate, instead of as a manganite,
as thought by the authors of the term. In a later paper* recognition was
accorded to Prof. Lacroix’ term romanechite, applied to the mineral obtain-

ed from Roman^che in Central France, and it was shown that romanechite
could be suitably recognised as one variety of hollandite, if again it were
regarded as a manganate, instead of as a manganite as interpreted by the

author.

A discussion of the nomenclature of these minerals was summarised
in the following statement :

—

Hollandite Group

fPb low or absent
Ba low to high

^ Pb high
1 Ba abMnt or low

I
HoUandite

^ Coronadite

"“High in H^O )

Low in Fe|Ot )

Low in H|0 )

^High in )

Boman6ohite.

Hollandite
sensu str.

At this stage the problem remained imtil 1923, • when Ernest E. Fair-

banks published the results of a microchemical study of polished sections of

coronadite, romanechite, and hollandite. These tests showed that both
coronadite and romanfehite are mixtures of hollandite with an tmidentified

finely disseminated constituent.

The results of this work simplify greatly our nomenclature
; for although

the work of Fairbanks does not tell us whether the high lead contents of coro-

nadite is contained in the hollandite or in the other mineral present, it enables
us to reject the name as that of a mineral species. The same remark ap-
plies to romanechite, and we can now with confidence use the term hollandite

as a comprehensive term for all the known varieties of crystalline manganates.
It will be time enough to admit varieties or sub-species of hollandite, when
satisfactory chemical evidence of the existence of varieties of unusual com-
position is forthcoming.

L. L. Fsbhob.

^ Bee. OtoL 8urv. Ind.^ XXXVI, pp. 295-300, <1908).
* *Oii the OrystaUography and Nomenolatiire of Hollandite'. Bee. QeoL Sv/tv. Ind.,

XLVm, pp. 103-120, (1917).
' * llGorographio Notes on Manganese Minerals*. Amer. Mineralogiet, VoL 8. p. 209,

(1923).

MGIPC—M--V.2.lO-^.6-28—800.
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A CONTRIBUTION TO THE GEOLOGY OF THE PUNJAB SALT

Range. By Cyril S. Fox, D. Sc., M. I. Min. E., F.G.S.,

Officiating Superintendent, Geological survey of India.

(With Plates 2 to 18.)

I.—introduction.

So much has been written on the geology of the Punjab Salt

Range that it would have been remarkable if no controversy had

arisen. Like most geologically classic areas it has attracted con-

siderable attention. Field observations in connection with the geo-

logy of the range are valuable. This is one of my excuses for

adding to the literature. Another is that by visiting this most

interesting region I was obliged to change my opinions in regard

to the structure of the range and the geological age of the salt-

bearing strata which are exposed at the base of the great scarp

from the Jhelum to the Indus at Kalabagh. It should be stated,

however, that this contribution does not receive the full support of

my colleagues.

The Punjab Salt Range was geologically surveyed by A. B.

Wynne in 1869-71L It has never been systematically surveyed

since. Wynne also surveyed the salt-bearing region of the Kohat
district daring the season 1873-74^, and mapp^ the trans-Indus

extension of the Salt Range in 1878-79*. (See Figures 1 and 2.)

H. Warth* had a local knowledge of the Salt Raitge and Kohat,

* Mmn, CM. 8pn. India, XIV, 1878, “ On the Geology of the Salt Range in the
Pimlab.’*

* Item. CM. Sun. India, XI, pt. 3, 187S, “ The Trana.Indua Salt Region in the
Kohat Diatriet, with an appendix on the Kohat Mines or Qaarries, by H. Watth.”

* Jfem. CM. Snrv. lima, XVII, pt. 2, 1880, ** On the Ttans-Indoa Bxteoaioii of
the Ponjab Salt Range.”

« Mtm. GtoL 8wrv. India, XI, pt. 2, 1870. p. 3.

[ ]

B
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extending over a perio 1 of 20 years, wliicli was unrivalled. Neither

of these experienced observers appears to have had any difficulty

in considering the salt-bearing rocks as true sediments and they

Fia. ]. (After Wynne,)

Fig. 2. (After Wynne.)
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The sketch maps, figures 1 and 2 taken from Wyiuie^smemoir, sho'^ very clearly

the position of the Salt Range and its relations with the mountain systems on each

side—the Himala^^ah aro to the east and the Baluchistan arc to the we^t. It is well

established that these arcs are true mountain features, the mountains in each

being due to compressive dynamic forces acting horizontally from the east-north-

east and west-north-west on the Salt Range tract. The two above-mentioned
arcs are in actual juxtaposition to the north of the Salt Range east of Abbotabad.
The re-entrant bends at each end of the Balt Range in the east near Jhelum and
in the west at Kalabagh show where the thrust from each side has been felt. The
thrusts clearly follow an east to west rather than north to south axis so that any
folding in the Range should be at right angles to this direction. The absence of

such folding shows that little evidence of the thrusts will be found in the Sait Range
tor the simple reason that the forces of compression had been absorbed at the ends

and was trifling in the middle. It is not to be forgotten that gneisses and other

crystalline rocks occur in the Doabs only sixty miles i^outh of the middle of the

Salt Range. These rooks almost certainly form the platform on which the Salt

Range strata rest, and this buttress of ancient metamorphic rocks together with

its cover of Salt Range sedimentary fonnations appears to have resisted the thrusts

from east to west.

felt justified, in ascribing a Pakeozoic age to the Punjab Saline

Series.^ They seemed certain that the Kohat deposits were of a

different age from those of the Salt Range, and considered the

former provisionally as of Tertiary age.^ These views were accepted

by W. T. Blanford.® The occurrence of igneous rocks in the Saline

Series was noted by Wynne.* Frequent emendations were made
during the decade 1880-1890 to the geological succession of the

Salt Range as first established by Wynne. His Olive Series of the

eastern area could be correlated with the Speckled Sandstone of the

western tracts, and the basal boulder bed in each case was found

to be of glacial origin and the equivalent of the Talchir Boulder

Bed of the Peninsula. No serious doubts were cast on the strati-

graphical position of the Saline Series until C. S. Middlemiss

produced important reasons for believing them to be of intrusive

(igneous) origin*. He drew attention to the fact “ that the Red marl

must have possessed plasticity, and a power of movement, subsequent

^ Mem, Geol, Swrv. Ind%a, XTV, p. 83 and p. 73 respectively.
» Mem. QetA, Surv. India, XI, pt. 2, pp. 32-37 (136-141).
* Manual of the Geology of India, Part 2, (Calcutta, 1878) , p. 488.
* Jfem. Geol. Surv, India, XIV, p. 69, on which he gives the Btratimphioal sue*

oession. This haa since be^ changed by E, H« Pasooe, see Mem, QenH, Surv. India^
XL, p. 337.

* Bee. Geol. India, XXIV, 1891, pp. 26-42, •‘Notes on the Geology of the
Salt Range of the Punjab with a redonsidered theoiy of the origin of the Balt Mark**
Bee also Quart, Joum, Otol, Soe., vol. 9, 1833, p, 197. Letter to R. 1. Murchison from
A, Flsining.

b2
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to the deposition of many of the formations above it.” This

idea of an igneous origin, which received considerable support from

T. H. Holland/ was accepted by B. D. Oldham^ It was ihen

admitted that the salt might be younger than the strata with which

it was associated. The idea of a Tertiary (Eocene) age for the

Saline Series appears to have been first advanced by F. Koken and

F, Noetling.*'' It carried with it the assumption that over-thrust

faulting, advocated by T. H. Holland^ must be invoked to account

for the position of the Saline Series under older strata. Holland^

also expressed the opinion that the Kohat salt must be of the same

geological age as the Salt Range salt. In 1914, in a masterly paper,

W. A. K. Christie® attacked the hypothesis of igneous origin. This

authority on saline residues, after a careful study of the salt both

at the J£hewra mines and in the laboratory, clearly established the

sedimentary character of the deposits of rock salt. Christie did

not express his opinion with regard to the geological age of the Salt

Range salt. In reading his paper, however, an impression is con-

veyed that he must have considered these beds (the Saline Series)

to be, at Khewra, in a normal stratigraphical position and conse-

quently the oldest strata seen in the Salt Range. He says :

—

Tiio anomalous stratigraphical relationships existiiig between the Salt Marl

and other formations of the Range may be explained as due largely to isostatio

adjustment of the salt deposits, which the pressure of the superincumbent strata

had rendered plastic. Taking a purely hypothetical example, a column of Purple

fcJandstone of specific gravity 2*29, 50 metres deep, succeeded by a column of Mag-

nesian Sandstone of specific gravity 2*56 and the same cross section and deptfi,

would be able to balance a column of rock-salt (assuming complete plaatioity) of

specific gravity 2*16 and similar cross section, 111 metres deep or would be able

to thrust it 11 metres higher than its own surface. . . . Nor must we forget

minor disturbances which one would expect to be caused in a rook with the pro-

perties possessed by the Salt Marl. When its more soluble matter had been re-

moved by percolating waters, not only would the rook mass be less able to with-

stand pressure from any direction, but the more insoluble constituents would be

left—as they now become after heavy rain—^in the condition of a semi-iuid mud,

plastic enough to be squeezed into almost any position.”

^ Bee. Oeol. Surv. India, XXIV, 1892, p. 230, ”01iemioal and Phydoal Notes on
Eockf from the Sait Range, Punjab.”

* Manual of the Qeology of India, 2nd £dn. (Calcutta, 1893), p. 112,
* Oen. Rey,, Qtol. 8wrv, India, for 1902-03, 1903, p. 26.
* Imp. Qfu. 0/ India, voL 1, Chap. 11, 1907, p. 22.
* lbid», p. 64.

•fiec. Oiol Surv. India, XLLV, 1914, pp. 241-264, ** Notes on the Salt Depodts of

the Cis-lndus Salt Range.”
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Christie’s investigations and conclusions have since been supported

by Murray Stuart.^ This geologist made a careful examination of

a large number of salt exposures during an extended tour of the

Salt Range, Kalabagh and the Kohat district. Stuart came to the

conclusion that the Saline Series of the Salt Range (with its trans-

Indus extension) and the salt-bearing strata of Kohat were of the same
geological age. He considered that this, age was Lower Cambrian or

pre-Cambrian. He advanced the opinion that the laminated appearance

and gneissic structure of the Kohat salt (as well as that of the Salt

Range) were largely the result of foliation consequent upon thrust-

faulting on a great scale. He, like Christie, drew attention to the

plasticity of such a material as rock-salt and naturally concluded

that the thrust-plane must be looked for in the Salt Marl and rock-

salt horizon. Finally he thought he had produced evidence to show

that he had found the zone of thrust-faulting. Stuart’s admission

of the possibility that the peculiar foliation, etc., which he saw

might represent thrust-faulfcing really gave additional support to

those who believed in a Tertiary age for the Saline Series. The

controversy regarding the age of the salt deposits of the Pimjab

and Kohat was conspicuous for the paucity of the kind of data which

could only lead to one conclusion and therefore not be used by either

party.

This was the situation when, in 1920, E. H. Pascoe* summed up

the available information and arrived at a conclusion which was

undeniably fair at the time. He concluded that the Saline Series

was regarded as of sedimentary origin in both regions, and that

these deposits were likely to be of one geological age, which, from

the evidence, he thought should be Tertiary (Eocene). He suggested

(op. cit.i p. 363) that the Purple Sandstone, might be part of the

Saline Series, representing the ‘ Red Clay Zone ’ of Kohat, and there-

fore, equivalent to the Lower Chharat stage* (middle Eocene). He up-

held the idea of thrust-faulting to account for the anomalous posi-

tion of the Saline Series (with the Purple Sandstone) below Cambrian

strata in the Punjab. This summary became the official view

^ Etc, Oeci. 8wrv, India, la, pt. 1, 1919, pp. 67-97, “ Suggeatdons regarding the

Origin and of the Rook Salt Deposits of the Punjab and Kohat.**
* Mem. CM. Ifnrv. India, XL, pt. 3, 1920, pp. 337-371, “The Petroleum Ooour-

renoes of the Pimjab and the Korth-West Frontier Province.**

*In a recant paper, Trans. Min. Oeol. Inst., India, yol. XX, pt. 3, 1926, pp. 210-216i
L. M. Davies makes the Lower Chharat stm equiyalant to the Laki stage which he

oonaidars must be Ixmer rather than Middle ^>oen6.
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pending a re-survey and anyone unfamiliar with the ground, xeading

fche whole story, could not help agreeing that the above summary
correctly represented the situation. I fully believed and Supported

this view, but was aware that many sections required re-examination

and that much of the structure could not be unravelled without a

detailed re-survey of the Salt Range.

My duties in connection with the coal-fields of India took me
to the Punjab Salt Range twice during the season 1926-27. As is

well known the more important coal occurrences lie along the

southern edge of the plateau from Ara (N. N. W. of Baghanwala)

through Dandot to Amb (N. N. W. of Warcha). My journeys crossed

several localities in which important geological sections could be

seen on the line of march. Thus in the cis-Indus region I was able

to see two sections on my way to and from Ara, also the Jutana

canon (Plate 2) and the Khewra glen (Plates 3 and 4). While

at this locality I was deputed to report on a serious subsidence

which had taken place in Khewra village—^the r^ult of the solu-

tion of rock-salt on the outcrop of which the village was situated

(Plate 5). From B^hewra I went to Dandot 4nd its vicinity

on two occasions for several days' at a time (Plates 6, 7, 8, 9,

10, and 11—^these photographs should be studied, in conjunction

with the map, sheet 43 square C. 2). I also paid hurried visits

to Chittidand on the west side of the Makrach gorge, to the Nilawan

ravine (Plates 12, 13 and 14), and to the Warcha defile (Plate

15). I would like to draw particular attention to the photo-

graph of the Warcha defile as I believe there occurs an outcrop

of strata, flaggy beds and shales, which are older than the Saline

Series. I was unable to give them, all the notice they deserve.

During the same field season (1926-27) I l^as obliged to examine

the coal or lignite ooourrences of Rajputana (Plalana, in Bikattir),

Baluchistan (Khost, the Sor Range and Mach), and the trails-Indus

localities of the Punjab (Isa Elel and Kalabagh). It is well known
now that the Tertiary coals of north-western India, including Jamtnu
and Hazara which I did not visit, occur on the same geological

horizon—the Laid stage (said to be middle to lower Eocene),

probably included in the so-called Lower; Ohharat Stage. I jour-

neyed to Kohat to investigate the reputed occurrence of oo^ near

SMp Dand in the Jowaki tribal country and visited the salt

deposits of Bahadur Ehel and Jatta on my way from Bannu.

(Plate 16).
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II.—THE DANDOT SECTION.

In the course of my investigations in regard to the determina-

tion of coal reserves it was necessary for me to ascertain the geolo-

gical structure of certain localities where a hidden coal-field might

occur. By far the most interesting of such localities is the section

seen on the hill slopes below Baudot. (See map, square C. 2, sheet

No. 43 D/14). Here coal had been found at two places—one in a

normal position under the Nummulitic limestone of the Dandot

plateau at an elevation of 2,150 feet, and the other, quite abnormally,

at the mouth of the glen (Uchli Kas) several hundred feet below

(roughly on the 1,250-foot contour). The lower coal (of Kurlnia)

has been worked in a small way for over 30 years. It is clearly the

same seam as that of Dandot and as it occurs in association with

Nummulitic limestone it had to be decided whether the structure was

that of an overfold (anticlinal) or just that of a fallen mass which,

in sinking into the plastic salt marls of the Saline Series, had turned

over.

The peculiarities of this section south of Dandot had been noticed

more than half a century earlier (in 1869-71) by Wynne^, and about

twenty years after (1891) by Middlemiss.* A. B. Wynne speaking

of the section south of Dandot see figures 3 and 4 says (page 164) :

—

** The village of Dandot is perched upon the edge of lofty cliffs which overlook

the plains and expose a fine section of the rocks (f. 25, li. XYIII) ; the arrange-

ment, however, presented by this differs much from others in the neighbourhood,

Gypsum Dandot Yinafe

A Mem. Otol. Swrv. India, XIV, Art, 1, 1878, p. 164.

• Rec. CM. Bwv. India, XXIV, pt. 1 , 1891, p.*_^83.
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and in one respect, from all others of the range, namely, in the occurrence of a
dark zone of sandy and shaly beds apparently near the base of the purple sand-
stone. This zone so exactly resembles the Silurian^ one above those rooks, as to
afford reason for the supposition that it has been faulted into its present position,

although the dip of the whole cliff section seems regular, and would indicate a se-

quence from top to bottom*”

Fia. 4. (After Wynne's Fig. 26, Plate XVni.)

Speaking of the same section, see figure 6, Middlemiss® says :

—

‘‘ In Sketch Section No. 6, Plate in,* I have represented, in a more or less dia-
grammatic way, the inversion so prominent on the scarp south of Dandot. It
will be seen from the section that the Purple Sandstone* is doubled in thickness
with a core of gypsum and Bed Marl.® The whole of the Boulder-bed and Olive
series is also repeated in an inverted order and coming immediately below the
Purple Sandstone.® The Magnesian Sandstone* and Salt-pseudomorph zone® have
been omitted by some process of faulting. Then come the coal and associated
beds in an outcrop overlying the nummulitio limestone with an inverted dip of
70®-80® northwards. In apparent order beneath this is a small thickness of soft
sandstone, which may be Nahan Sandstone,® and next to this is a small amount
of much shattered l^rple Sandstone, and then the Red Marl forming the usual
shapeless mounds.

This inversion of the Boulder- bed, Olive series, coal and Nummulitics was traced
by me from a position immediately below Dandot for two miles in the direction
oi the Makrach valley. Along that line the Bed Marl gradually approaches the

* Neobolus bods (Russak stage).
^Rec, Oea. Surv, India, XXTV, pt. 1, 1891, p. 88.
® See Plate III and Fig. 5 of this page.
® Rhewra stage*
• I could only detect traces of the Red Marl.
® Middlemise has not noticed the OMru or Neobcius Jbods (Russak shale stage) which

are clearly shown in my photographs, above and below the Purple Sandstone,
* Jutana (dolomite) stage.
® Baghanwala beds.
• Tms was of course a guest.
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Nummulitios more and more. Owing to this it is scarcely likely that the Nnm*
mulitios with the coal bed could have their inversion resolved towards the souths

before they become cut off by the invasion of the Red Marl.

Coal was being excavated from this inverted outcrop when I was last at Dandot

;

but the almost vertical lie of it will prevent deep working. Surface digging may,
however, go on along the whole length of the inversion.

The axis of gi^test lexure in the above section is of course in the Purple Sand-

stone, and as before remadced it is occupied by gypsum and traces of the Red Marl.^

Again the greatest reversed fault is that separating the Red Marl (capped by a

small amount of broken Purple Sandstone) from the Nummulitics.”

The conclusions arrived at by Wynne and Middlemiss for the

Dandot section were difEerent. This is seen by the sections drawn

by them—Figures 26 and 26 (Plate XVIII) of Wyime's memoir and

Sketch Section No. V (Plate III) from Middlemiss’ paper.

Wynne does not include the lower coal (Kurlnia) and Nummulitic

limestone in his Figure 25, and is a little sketchy in his location of

the top of the Salt Pseudomorph beds. He has not interpreted

the relationship of the gypsum band (Fig. 26)* with regard to the

underlying beds quite correctly, and he does not show the

Purple Sandstone and the Neobolus beds above the gypsum band.

Middlemiss on the other hand has studiously included the Neobolus

‘ I could only detect iracM of Red Marl, the gypsum is evident.

Wynne*! fig. 20 has been recently used as evidence by E. Parsons to support the

idea of over-folding and thrust faulting and thus uphold the Tertiary age hypothesis

of the Saline Series. (Jmm. Inst. Petrol. Tech., No. 68, Vol. 12, 1926, p. 481, “The
Stru<3ture and Stratigraphy of the North-West Indian Oilfield ”,)
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beds, both above and below the gypsum band, with the Purpte

Sandstone (Sketch section No. V). This is very significant as ’'it

indicates that he was convinced of the intimate conformable rela-

tionship of these beds. The above illustrations are reproduced

below in figures 3, 4 and 6, which should be compared with the accom-

panying photographs Plates 6, 7, 8, 9, 10 and 11. Plates 8

and 9 were taken from hill
‘‘ 2061 ’’ due south of the Inspection

bungalow at Dandot. The view, looking east-north-eastward, cor-

responds to Wynne’s figure 26 and Middlemiss’ Sketch section, No. V.

In Plate 9 attention is directed to a large mass of Cambrian

strata which has sunk bodily into the bright red marl of the Saline

Series.^ The fact that this great subsidence is on the strike of the

Cambrian beds seen in these photographs becomes more significant

when the presence of the “ sink-hole ” in the Uchli Kas (Plate

8) is noticed. Plate 10 from the top of No. 3 incline (Dandot)

looking east by south towards Khewra, gives a better view of

the sunken mass mentioned above. The sunken mass is largely

composed of Neobolus Shales capped with the Jutana Dolomite

(Magnesian Sandstone) and underlain by Purple Sandstone. The Salt

Marl, which forms a continuous belt eastward into the Khewra

glen, overlooks the top of the sunken mass. The amount of sub-

sidence, gauging from the Cambrian beds seen in the clifEs on the

left of the picture (Plate 10), is probably 600 to 700 feet.

Plate 11 was taken from a small spur just below the sum-

mit of hill
‘‘ 2340 ”2 looking westward over the Uchli Kas to hill

2061 This view corresponds with that given in figure 26 by

Wynne. The gypsum band is seen to be quite conformable to the

underlying beds (Purple Shales and Sandstones), Unfortunately the

picture is not clear enough to show the Neobolus beds above the

Purple Sandstone which lies on the gypsum band. Again Attention

is drawn to the behaviour of this feature on a continuation of its

line of strike westwards. The inverted beds are entirely absent

evidently due to their superficial nature and the depth to which

erosion has removed the strata. The normal strata on the other

hand are seen at the exit of the Makrach gorge, where the Saline

Series occurs as usual at the base of the scarp and underlying all

other beds.

^ The exact looatfon is K. W. of hill
**
1317 ** above the wordi ‘ Salt OhaiUd ’ in ntap

eguate 0. 2 ;Sheet 43 D/U: 32^ 39': 72® 69' 20''.

* It is marked as ** 1^0 on Sheet 43 D/14 which is wronf.
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The sequence of strata in the scarps below Dandot (map
; square

C. 2, Sheet No. 43 D/14) is as follows:

—

Soil and tufa Recent

Nummulitio Limestone (Kirthar stage) Middle to nppei Sooene.

{

Coal-bearing shales (Laki stage) Lower to middle Eocene.
Speckled sandstones f
Conularia bed (Pidh) ^(? Barakar stage) < Lower Permian to

Bivalve horizon (Pidh) J I^Upper Carboniferous.

Glacial Boulder bed (Talchir stage) Upper Carbonifeions.

Salt Pseudomoroh beds (Baghanwala sU^o) Upper Cambrian.
Magnesian Sancutone (Jutana (Dolomite)

^
series) >Hiddle to lower Cam-

Noobolus Beds (Kussak (shales) J brian.

stage)

Purple Sandstone and Shales. (Khewra stage) Lower Cambrian.

Soil and tufa

Nummulitio Limestone
"Coal-bearing shales

Speckled sandstones
Conularia bed (Pidh)

Bivalve horizon (Pidh)

^Glacial Boulder bed
Salt Pseudomoimh beds
Magnesian Sancutone

Noobolus Beds

Purple Sandstone and Shales

Gypsum bed
.Salt Marl with Khewra trap

Rook salt.

Gypsum bed

Saline Series.

Plates 8 and 9, show .tolerably well the ''inversion” of the

beds below Dandot. In many ways it is a remarkable inversion.

'Jliere is no sign of any curving or arching in the bedding of the

strata and on the line of strike or axis of the inversion there

is no continuity of the feature. To the west the beds have been

entirely removed at the mouth of the Makrach gorge. To the

east only bright red saline marls (Salt Marl) are seen beyond the

Dandot ravine. These marls pass over the ridge into the Khewra
glen and are shown in Plate 4. In this view, taken looking

westward, t.c., in the direction of Dandot from Khewra, there is

evidence of an over-fold in the Salt Marl. The explanation for the

over-fold in the Salt Marl at Khewra is not in any way connected

with a tectonic over-fold
;

it is entirely due to the squeezing out of

the plastic salt marls in the manner described by Christie. The

diagrammatic representation of the structure of the over-fold at

Khewra is seen in figure 6 (A, B and C). It is seen from these sketches

that the whole phenomeuon is entirely explained by the removal of

soluble matter from beds at the base of a scarp, the sliding outward

of the overlying beds, and the upheaval of the underlying plastic

soluble beds as a result of the weight of the main scarp. The beds

of rock-salt outcrop in the Khewra glen. One exposure is seen

due west of the village. The village is itself situated on the debris

of the Salt Marl which obscures a thick bed of rock-salt below. This

solid salt has been subjected to solution by percolating water from

the glen, and as a result a large cavity formed under the village.

The overlying marl and a considerable part of Khewra village sank
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20 feet when this cavity collapsed just before my visit. (See Plates

3 and 5.) At the time of my visit the little spring which

was the main cause of the subsidence was still removing salt in solu-

tion at the rate of 16 lbs. a second. This totals 160,000 tons of

salt or 2,600,000 cubic feet of solid matter in a year—the work of

0*75 cusecs of water. The annual output of the Mayo mines at

Khewra average roughly 100,000 tons of salt, so that more salt was

being removed in solution than by actual mining at the time. The

remedial measures have of course stopped this. When we realise

that rock-salt is 27,000 times more soluble than limestone, and

remember that the Saline Series along the foot of the Salt Range

scarp averages 1,000 feet, we begin to realise the scale on which the

processes of solution are operating, and can gauge the importance

of the results likely to be caused by subsidence and isostatic balance.

The peculiar and numerous areas of disturbed strata, e.^., slips,

swallow-holes, sunken masses are all, in my opinion explained—not

only at Ehewra, or Warcha but also on both sides of the Indus at

Mari and at Ealabagh. Is it then absurd to look for a similar ex-

planation for the section below Dandot ?

flQ. 6 .
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The sections shown in Figures 6 and 7 lie across a line from Bill

2061 ” along the gypsum band of the inverted beds below Hill

“ 2340 ’’ (Plate 8), through the sunken mass on the east side of the

Dandot valley (Plate 10) and on to the Khewra glen (Plate 4).

The sketch sections of figure 6 are intended as an explanation of

the overfolded condition of the Salt Marl on the west side of the

Khewra glen. (A) shows the first stage of a plateau breaking up.

It consists of hard bedded horizontal strata lying on a plastic layer.

This plastic material (the Salt Marl) can escape along the foot of the

plateau scarp. This it does and the overlying beds fracture with

bending. The plastic material can now escape upwards through the

cracks as these fissures widen with the outward movement of the

broken masses towards the plains. Some of the masses will sink

OAnOOT

(A)

VtQ, 7.
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into the marl, others will become tilted. K the plastic material be

yeiy soluble it is quite impossible to guess the extent to which the

strata will be dislocated and finally settle. Overturning cannot be

unreasonable under such conditions.

It is not to be forgotten that the drainage of the Pidh valley

is enclosed and after disappearing emerges as springs in the E^ewra
glen. The subsidence in Khewra village, the sunken mass south*

east of Dandot, and the sink-hole of the Uchli Kas, all on the same
line of strike and evidently related with the plastic Salt Marl and

its associated soluble rock-salt beds, are very suggestive. The

inverted beds in figuie 7 are easily explained on this isostatic hypo-

thesis which was advanced by Christie several years ago.

In my opinion the explanation of the inversion of the beds is

depicted in figure 7. In a sense it is an over-fold but there is no cor-

responding synclinal from which the coal horizon can be expected to

crop out once more, and this time nearer to the plains. It seems to

me a great strip of massive strata has rolled over instead of slipping

down or sinking in. This detached mass has been assisted in over-

turning by an out-flow of plastic Salt Marl above it. The main scarp

has sunk forward and jammed against the fallen mass and with

subsequent solution and settling the beds have come to occupy the

curious position they do. The following extract taken from “ A
Manual of the Geology of India Part II : Extra-Peninsular Area,

1878, page 487, is of considerable interest in this connection :

—

“ Owning to the softness of the marl, and to the tendency of harder rooks to

slip upon it whenever it is suflBlciently saturated with water, to destroy its coherence,

and also to the salt beds being dissolved by water the rocks of the Salt Range are

broken and mixed up in the most complicated manner, masses of the marl having

been sq[ueezed by pressure in places into a position in which they appear to overhc

more recent rocks, whilst all the newer formations are cracked and faulted. The
detailed geology of the range is consequently very intricate, and it is not always

easy to tell whether dislocations of the strata are duo to true faults traversing all

the bects, inclusive of the salt marl, or whether the displacement is merely due to

complicated landslips.”

III.—SUPPOSED EOCENE AGE OF THE SALINE SERIES.

If there is one horizon better than another for correlation pur-

poses among the Tertiary strata of north-western India it is the

coal-bearing pyritiferous shales which comprise the Laid stage.

This Laid stage is said to represent a middjie to lower Eocene age

in Sind, Baluchistan, the Punjab and Bajputana. It is represent^
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in the North-West Frontier Province by the Lower Chharat stage.^

The Tertiary coal seams of Baluchistan, the Punjab, Bajputana,

Jammu and Hazara (North-West Frontier Province) are believed

to represent the Laki stage in these several areas. The presence

of marine fossils in the shales, both above and below the coal seams,

indicate lagoons and coastal marshlands when these deposits were

being formed. Below the coal-bearing Laid stage a laterite bed

has been recognised in various places—Sind, Rajputana, Jammu,
and in the Salt Range. This laterite horizon exactly corresponds

with a similar bed in Surat (Bombay Presidency), and is thought

to mark a stratigraphical ‘ break ’ between the Upper Cretaceous

period and earliest Eocene times. The presence of laterite is

indicative of land conditions during an internal when a dry and

wet monsoon climate prevailed. Above the Laki coal-bearing stage

lies the Nummulitic Limestone of the Kirthar stage, which is thought

to be middle to upper Eocene in age. These limestones are believed

to have been deposited in the clear waters of a shallow sea. From
the geological history of the above strata it is seen there is no evi-

dence of deserts, aridity or any period of desiccation. It is thus

evident that the climatic and geographical conditions prevailing

in north-western India during Eocene times, within the limits of

the area under consideration, were not suitable for the accumulation

of salt deposits at all comparable with those of the Saline series of

the Salt Range.

In connection with the coal or lignite and the petroleum occur-

rences in the Tertiary strata of India E. H. Pascoe* has made some

observations of considerable importance. He says :

—

** The association of coal or lignite with ordinary free petroleum is widespread

and scarcely requires recapitulation. . . (p. 232),

Speaking of certain anticlines in Burma he remarks :
** There is a distinct

gradation from lignite to oil-bearing beds corresponding to one from shallow to

deep-water conditions ”
(P- 236).

Speaking generally he says ;
“ We are led to conclude that, in places where

such an association can be recognised, they [coal and x>etroleum Were probably

derived from not dissimilar sources, under Afferent but comparable conditions.

Where conditions were eminently favourable for the formation of coal, they appa-

rently were not so for petroleum, since beds bearing thick seams of coal are apt

^ li, M. Dayies, Trans. Min, Oeol, Inst, India, XX, 1026, p. 215. See ako
£. 8. Pinfold, vol. XLIX, p. 144. Also, W. L. F. NutUl, Q, J. Q. 8,, LXXXI,
1926, pp. 417-462.

*Jlfem. Cftok 8urv. India, XL, 1912, p. 282.
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to oontain little or no petroleum ; on the other hand, where conditions did not permit

of more than thin layers and local patches of lignite or coal being foimed, laiger

quantities of oil are liable to be found—one is tempted to say ' instead of coal

(Page 237.)

Pascoe’s conclusions have the weight of very extensive field obser-

vations—^including N. W. India, Assam and Burma. In the Assam

region the association of coal and oil is too obvious to escape atten-

tion and has been repeatedly remarked upon.^ The depth of water

in which the vegetable matter accumulated is evidently one factor

—

shallow water for coal and deeper water for oil. IJow the work-

able coals of Tertiary age—in other words the shallow water de-

posits of the Laki stage—occur (a) in the Harnai-Quetta-Bolan

area of Baluchistan, (6) in the Isa Khel and southern Salt Range

belts of the Punjab, (c) in the Palana tract of Bikanir (Rajputana),

(d) in the Jammu region of the Himalaya, and (e) in the Dore

ravine of Hazara. In the intervening areas, i,e. (1) between the

Salt Range and Quetta, and (2) between the Salt Range and the

Himalaya, petroleum occurrences are more frequent than in the

coal-bearing areas mentioned. These petroleum seepages, etc., in all

probability represent the continuation of the Laki stage, i,e,, a deeper

water representative of it, under the younger strata of the inter-

vening areas (1) and (2). In this way we may conclude that the

petroleum-impregnated bituminous salt deposits of Kohat^ indicate

the presence of the Laki stage.

The association of bituminous matter with the rock-salt of the

Kohat area, in addition of course to the chief fact that the rock-

salt occurs as the oldest strata in the sharply folded anticlinals

under beds of middle to upper Eocene age, is partly responsible

for the belief in a Tertiary age for the salt. Pascoe,^ in his tenta-

tive summary of the available information, says of the Kohat
area:

—
“ . . . .the salt must be referred either to the lowest horizons

of the Lower Chharat or must represent the Lower Nummulitic.

Of the two alternatives the former seems the more likely and,

he continues (p. 3 jO) '' If we are to assign the same age to the salt

^ F. Mallet, Mem. Qtol, 8urv, India, XII, 1876, p. 356.
*S. H. Pascoe, Mem, Oeol, 8urv. India, XL, 1920, p. 417. In this oonneotion

also see F. W. Clark, W, 8, Oeoi, 8urv., Bull. 595, 1920, p. 741. There is not the
•lightest doubt that the opinion so briefly advanced by Pascoe must be oorreot for the
Twtiary coal and oil-fields of India. A detailed study of these may give a solution to
the vexed problem of the mode of formation of coal'

* Menu Oeol. 8urv, India, XL, 1900, pp. 366 and 366.
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and gypsum of the Salt Range, we must suppose the older rocks to

have been thrust over them/’ Remembering that L. M. Davies^ consi-

ders that the Lower Chharat is the equivalent of the Laid stage—^we

are confronted with the problem of finding room for the Saline Series

in association with the coal horizon (Laki stage) of the Salt Range.
It is true that the basal beds of the Salt Range coal-bearing Laki
stage are not clearly seen. It is, however, certain that there cannot
be more than 100 feet of strata between the coal horizon and the
underlying beds of Mesozoic (possibly Palaeozoic) age. The Saline

Series is over 1,000 feet thick and is never seen in juxtaposition

with the Laki stage. If figure 5^ is studied it will be seen that the
Salt Marl is not even seen in contact with the inverted mass of

Nummulitic Limestone in the Kurlnia coal locality. The Salt Marl
is always intimately associated with the Purple Sandstone in this

section. If thrust planes are invoked, either at the base of the
Laki coal-bearing stage or above the Purple Sandstone, these thrust

planes will have to be considered as having become involved in the

folding or inversion of the beds below Dandot as seen in figure 5.

1 can see no evidence to support either view. Plates 8 and
9 show the Purple Sandstone to be conformably overlaid by the

Neobolus (shales) Beds, and as already stated the Salt Marl never
ap})ears on the coal-bearing (Laki stage) horizon throughout the
Salt Range. The obvious conclusion, from the facts presented by
the Salt Range sections, is that the Saline Series is not of Tertiary

age and appears to be older than the Purple Sandstone. Also since

the Tertiary age hypothesis for the Saline Series of the Salt Range
originated from conclusions made in regard to sections in the Kohat
region it would appear logical to conclude that these Kohat sections

have been wrongly interpreted and require careful re-examination.
On my way from Bannu to Kohat, in search of a supposed coal-

bearing horizon (Laki stage) at Shin Dand in the Jowaki tribal

area, I visited the salt occurrences of Bahadur Khel and Jatta. The
rection at Bahadur Khel has been studied by Davies^. I cannot
sec how this observer, from the facts he discloses, can be satisfied

that the rock-salt forms part of the Eocene strata which lie above
it. At Jatta I disagree with the interpretation of a conformable

1 TranB. Mia, QboI. Inst, India, 1026, p. 216.
Middlemiu* Sketch Section, No. V, of the beds below Dandot. Figure 6 above in

text.
* Joum. Asiat. Soc. Bsngal (New Series), XX, 1924, pp. 207-224.

O
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series of beds which include the salt with the overlying Tertiary.

All the evidence I was able to collect at Jatta merely pointed to

the salt being older than all undoubted Tertiary strata. The age

of the salt-bearing beds at Jatta could, in my opinion, with equal

honesty be referred to any age—Mesozoic or Palaeozoic—below the

Lower Chharat (Laid) stage. I was impressed with the intensely

folded condition of the Tertiary strata throughout my traverse from

Bannu to Kohat. I crossed the line of strike of the beds on my
journey so that the same horizons were repeatedly seen. The view of

tightly folded strata in succeeding changes and reversals of dip

and alternating troughs and anticlinals almost became tiresome.

The salt always crops out in the greatest anticlinals. These are

naturally the various salt localities of the Kohat district. Davies^ has

shown that beds related to the Laki stage are curiously associated

with the Bahadur Kiel salt, and I feel convinced that the presence

of bitumen and the smell of petroleum in the salt indicates the

existence of the Laki stage. The question is how is it related to

the salt here when it is not associated with the Salt Marl of the

Salt Range ?

Christie’s explanation for the anomalous position of the Salt

Marl of the Salt Range is equally applicable here. Remembering
the greatly folded condition of the Tertiary strata in the Kohat
region and the fact that a material of the nature and consistency

of rock-salt must become plastic under severe compression it is

almost certain that such a substance, if present in abundance,

even at a considerable depth, would tend to be squeezed out up-

ward in the manner of an igneous intrusion. An anticline, parti-

cularly a faulted anticline, would be just the place to expect the

extruded material to occur. Most of the anticlinals where the

Kohat salt occurrences lie are faulted. That the salt has been

subjected ti> intense compression is evident from its schistose struc-

ture. At a distance of a few yards lumps of the rock-salt look

exactly like a heap of grey gneiss. If the bituminous matter asso-

ciated with the Jatta and other Kohat salt indicates the presence

of an original Laid (deeper water) stage, then the compressional

effect of the folding will account for the absence of this horizon

now. The plastic rock-salt would be squeezed upwards into the

anticlines by the intense folding, which would cause the coaly

^ Jofim, AsiaL 6^ Bengal, (New Series), XX, 1924, p. 220.
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(or oily) shales (Laid stage), below the Nummulitic Limestone

(Kirthar stage) to become attenuated and to be forced into the

salt with an induced marginal parallelism between the fragments

and the foliation of the salt. The absence of any older strata in

the anticline does not necessarily affect the age of the salt. It

can be of any age older than the Laid stage and can therefore be

the equivalent of the Saline Series of the Salt Range, i.e., Lower
Cambrian or pre-Cambrian.

1 have tried to shew that it is not possible to account for a great

period of salt deposition in the Salt Range and Kohat regions

during the early Eocene period. It seems to me impossible to correlate

the Kohat salt with the Saline Series on any Tertiary age hypothesis,

because the Saline Series cannot be fitted into the Laki stage by
any evidence nor by any reasonable argument. All the evidence,

in my opinion, points to a Lower Cambrian or pre-Cambrian age for

the Saline Series—these strata are lying in a normal way beneath

the Purple Sandstone in the Salt Range. It is far simpler to regard

the Kohat salt as pre-Laki in age and as squeezed up in to its present

position dxiring the period of late Tertiary folding. For those who
insist on a correlation of the Kohat salt with that of the Salt Range
it is permissible to regard them both as Lower Cambrian. There is

always the possibility that, although both salt deposits are probably

Palaeozoic in age, the Kohat salt may be younger than the Salt

Range material. It may represent re-deposited salt from the erosion

of the Salt Range salt, e.g., in Salt Pseudomorph stage times, while

the arid conditions of the Cambrian era still persisted. This, however,

is quite fanciful and is advanced largely to account for certain

chemical differences in the salts of Kohat and Khewra as observed by
H. Warth.^ These differences it appears could be equally accoimted

for by the severe treatment the Kohat salt has received during the

folding movements and by the presence of the bituminous matter.

IV.—ARGUMENTS IN FAVOUR OF A CAMBRIAN AGE FOR THE
SALINE SERIES.

Table I shows the strata immediately above and below the

Cambrian beds of the Salt Range.

^ Mem, QeoL Surv, India, XI, 1875, pp. 20-27.

o2



i66 Records oj the Geological Survey of India. [ VoL. tjit.

Table

7. Speckled Sandstone of Pidh
CoQularia beds Permian.

Bivalve horizon

6. Glacial Boulder Bed Upper Carboniferous.

Great unconformity

5. Salt Pseudomorph Beds (Baghanwala stage of

Noetling)

4. Magnesian Sandstone (Jutana Dolomite stage of

Noetling)

|-Upper Cambrian.

j

3. Neobolus Beds

Wynne’s Silurian

Middlemiss’ Obolus beds and
Noetling’s Kusak shale stage.

2. Purple Sandstone and Shales

Noetiing’s Khewra stage

S-Middle Cambrian.

peculiar junction ; see Sketch Sections III and IV, Plate III

(i?ec. Gea. 8urv, India, XXIV, 1891, by C. S. Middle-

miss.)

1. Saline Series

fSolt Marl with igneous rock.
-< Gypsum and dolomite.
(^Rock Salt.

As a rule the Purple Sandstone is always associated with the Salt

Marl, and in clear sections conformably related with the Neobolus beds.

The finest section of the Cambrian strata, seen in the Salt Range,

is that of the Jutana canon. The beds are clearly a conformable

geries as seen in Plate 2. A conformable relationship is

also evident from Plate 9 taken of the same strata in the

Nilawan ravine. In both these views the beds are seen to be un-

disturbed. Plates 8 and 9 of the slopes below Dandot

still show the parallelism of the Cambrian strata even in their tilted

and inverted position. The absence of any stratification in the

Salt Range sections where the Salt Marl is exposed makes it im-

possible to say whether the Saline Series is conformable with the

overlying Cambrian strata. In many sections (see Middlemiss’

Sketch Sections UI and IV, Plate III)^ the basal shales and flaggy

1 Compare with Snooeedon given by Wynne on p. 69, Mem, OecH, 8urv, India,

XrV, 1878, and fleqnenoe by Paoooe on p. 337, Mem, Qeci, 8wo, India, XL, 1914.
•Ree. Gtol. Surv. India, XXIV, 1891.
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beds of the Purple Sandstone appear to have sunk into the maiL The

occurrence of nodules and boulder-like masses of igneous material

further complicates the question. However, if the Salt Marl represents,

as suggested by Christie, a residual clay^ from which a consider-

able amount of soluble material has been removed, it is quite

possible that in deep, unaltered sections the Saline Series may pass

upward in perfect conformity into the basal shales of the Purple

Sandstone.

I have previously drawn attention to the greatly folded condi-

tion of the Tertiary and other strata of the Kohat region. There

is little doubt that the further we go to the north-west from the

Indus at Kalabagh the more noticeable the folding^ becomes. The

folding is close at Jatta and thrust-faulting is common in the Kohat

area, but the beds in the hills between Kohat and Peshawar are

yet more intensely folded, while thrust-faulting and overfolding

in the Khyber defiles are exceedingly complex. In contrast with

the folded strata of the Kohat area the Salt Range beds are almost

undisturbed by dynamic forces. I cannot do better than quote

Middlemiss^ in this connection. He says :

—

“ Where else in India, or in the world perhaps, can each formation be followed

by the eye in its broader lines by its colour, over hill and hollow, over plateau and

ravine, when the range is viewed on a clear day from some commanding height ?

Where else can be seen a body of horizontal strata comprising members of the

Palaeozoic, Mesozoic, and Cainozoic groups, lying one above the other in a single

olifi section, and apparently as unbroken by great unconformabilities, or by vol-

canic intrusions, as if they had just been formed 7 Where else does the geological

record, from Cambrian times upwards, present us with a set of rocks unaltered

by metamorphism, undisfigured by chemical or dynamical changes, as free in fact

from the dust of time as an uncut volume fresh from the binder’s hands ?
*’

And this is the impression conveyed to my mind by such views as

the Jutana canon (Plate 2) and others. Even the remarkable

section below Dandot gives the same impression, once the significance

of Christie’s explanation is fully appreciated, for as Middlemiss on

a further page (41) also says :

—

** The Purple Sandstone is totally devoid of metamorphism in the strict sense

of the word. What is true of the lowest rook-group in this respect is of course

1 The Khewra and Nilawan tre-p appears to represent an altered basic igneous rook
—probably a contemporaneous lava fiow. No analysis has been made as the rock is

90 deeply altered that little reliance could be placed on its present composition.
* ^sc, GW. 8wv. India^ XLIV, 1914, p. 261.
* The beds are folded into arches and synclinals as distinct from broken, tilted, but

Vin-curved strata.

*^eo. Qtot. 8urv^ India, XXIV, 1801, p. 19,
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true of all the succeeding younger formations. In addition to the absence of any

metamorphic strata in the range, thoro is also wanting everything in the nature

of a slate series—there is not a slate in the whole country.”

The above extracts are not intended to obscure the fact that

there are exposures showing undoubted evidence of tectonic forces

—

however localized these may be to a single formation, viz,y that of the

Salt Marl. Wynne^ has drawn attention to the disturbed condition

of the Salt Marl in various places. The peculiar over-folded condi-

tion of the Salt Marl from the Eiewra glen seen in Plate 4 is

an excellent example. Further cases are seen elsewhere, e,g,. the

Nilawan ravine (Plate 12) and the curious exposures (Plate

16) in the Warcha defile above the mines. An explanation,

which is entirely in agreement with my field observations, has been

supplied by Christie for all such exposures. He pointed out the

plastic consistency and yielding nature of the Salt Marl and stated

that it would become like fluid mud when wet. I have utilized these

ideas in figures 6 and 7 to explain the structure of the sections seen

in Plate 4 and to elucidate the section of inverted strata

below Dandot (Plate 8). In studying these photographs

and sketch sections (as I have drawn them) it should be clearly

remembered that the tilted strata overlying the Salt Marl are only

seen actually along cliff margins when the Saline Series are exposed

in the ravine (or foot of the scarp) below. There is no better place

for studying this phenomenon of isostatic subsidence and tilting of

the Cambrian strata of the Salt Range than the Khewra-Dandot
area. (Map sheets 43. D./14 and 43. H./2.)

Taking the Khewra section first, i.e., Plate 4 of which

figure 6 is the key, hill “ 1817 ” which overlooks Khewra Railway Station

from the north-west, it consists of a basement of Salt Marl (only seen

from the plains), upon which rest in order the Purple Sandstone,

the Neobolus beds and a capping of massive Magnesian Sandstone.

The strata dip gently towards the plains, i.e., to the south. The
beds making the final pile of the hill (“ 1817 ”) are tilted more sharply

as shown in figure 6. In the saddle to the north of hill “ 1817 ’’ the

Salt Marl is seen at a higher level and occupies a wide strip of the

spur running southward from Tobra hill. In the cliffs below Tobra

village the Purple Sandstone, Neobolus beds and Magnesian Sand-

stone are seen with northerly dips. The summit of Tobra hill

I Mem, Qtcl, Surv^ India^ XIV, 1878, pp. 150 and 164^ etc,
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contains the Salt Pseudomorph beds with a capping of the Glacial

Boulder bed and the overlying Speckled Sandstones. With regard

to the mass of hill 1817 ” it might at first sight appear that the

Cambrian strata there were let down by faulting. In a sense this is

true, but taken in conjunction with the over-folded anticlinal struc-

ture seen in the Salt Marl and the northerly dip of the Cambrian
strata in the main scarp (Tobra hill) I think it will be admitted
that the diagrammatic representations I have made in figure 6 gives

a tolerable explanation of what has happened.
In my account of the Dandot section (see Fig. 7) an explana-

tion on the same lines is given for the structure there found. I

am aware that in the section the evidence favours sinking and a
turning over of the detached Cambrian beds, whereas the Khewra
section, from Tobra Hill to hill “ 1817 ” is suggestive of upheaval.

It is an upheaval of the Salt Marl and a sliding forward of the Cam-
brian strata towards the plains. Seeing that both sections are

on the same line of strike it would add considerably to my arguments
if evidence of subsidence or sinking of the overlying beds—the

Cambrian strata—could be found in close association with the Kiewra
section. This actually occurs in two cases—(1) the subsidence in

Khewra village and (2) the other, larger subsidence, is seen on the
Dandot side of this section as illustrated by the sunken mass in

Plate 10 and shown in its correct line of strike in Plate 9. The
dislocations shown in figures 6 and 7 and the subsequent tilting, sliding

forward, sinking in and turning over have, of course, taken place

gradually over a considerable period of time (Recent time) during

which erosion and solution of the Salt Marl have also been in progress.

The weight of the massive bedded rocks on the Salt Marl, the
yielding and upheaval of the plastic Salt Marl and the resulting

confusion are, however, clearly explicable on Christie^s hypothesis.^

In this connection the following extract from Pilgrim’s section* on
the Hormuz salt is of considerable interest. On page 47 he says :

—

“ The struoture of the Anguru inlier of the Hormuz is even more abnormal.

.

I failed to detect any appreoiable movement in any other series than the Hormuz,

^ There is no doubt that thrust-faulting can be advanced but I fail to discover what
purpose it could serve in accounting for the confusion of the sections. No thrust plane
can occur outside the zone of the Sidt Marl and if such faulting does occur in this horizon
it has been involved in the dislocations which have affected the Cambrian strata. From
what has been said on an earlier page it is my definite opinion, that no system cf throat-
faulting can make the Saline series Lower Eocene in age. W^y then have any thrust
plane at all, seeiim that there is no evidence for such a suggestiont

* flem- Qeol. Surv. India, 3ELVIII, pt. 2, 1925, p. 47.
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and in the case of this the only fonnation which seems to have moved is the salt.

It has carried with it, no doubt, portions of the overlying dolomitic limestones

and volcanic tuflfe, but here as elsewhere these only exist in a fragmentary con-

dition in the red gyps' ferous earth which is mingled with the salt in places. That

the salt has moved is certain as we find it overlying each one of the Tertiary sedi-

mentary series in turn. Eocene limestone and shales, Oligocene beds, and Ears,

and forming the upper portion of the hill mass, while the steeply dipping Tertiary

beds are exposed in the gorges At Anguru . . . there was evi-

dently a great mass of superincumbent strata on the salt when the earth pressures

began to operate. The salt folded immediately, as in the previous case and the

superincumbent strata fractured, no doubt very gradually at first. . As

bed after bed fractured, the salt found its way up by the outlet so offered until

equilibrium was restored. .
.**

It is interesting to compare the Salt Range Saline Series and

Khewra stage with the Hormuz series of Persia. Pilgrim^ gives the

following succession :

—

I

"4. Purple Sandstone
;
grits and shales up to a maximum of

600 feet. A considerable portion of the purple sand-
stone seems to be saliferous in some sections, as in the

gorge of the Tangi Zagh, judging by the salt which
oiystallizes out on the surface of the rock.

The Hormuz Series-^

3. Volcanic beds, rhyolites, gypsiferous tuffs, etc., up to

200 feet thick. There appear to be no other igneous
rocks in the area than those of the Hormuz series,

and certainly none younger in the Hippurite lime-

stones or the Eocene.

2. Dolomitic Limestones and shales. From 60 to 300 feet

thick. The shales are often black and fetid or yellow,
fissile and thin bedded, occasionally with rhyolites.

1. Book-Salt. A bedded deposit up to 1000 feet thick and
less. It is never found except in association with
the other members of the series, which must there-

fore be taken as a single unit.

Since Pilgrim’s memoir was published trilobites are said to have

been found in association with the salt beds of the Hormuz series.

Dr. Murray Stuart notes that ^ ;

—

“ The Discovery by Dr. H. de Bockh and the geologists of the Anglo-Persian

Oil Company of Trilobites in the strata associated with the salt of the Persian Gulf

area more or less establishes the early Cambrian or Pre-Cambrian age of the salt

of North-West India. Dr. de Bockh and his colleagues conclude that :

—

There are, therefore, only two possibilities for the age of the Hormuz salt —
1. The sequence in the Hormuz inliers is normal, and the salt is of Pre-Cambrian

or more probably of Cambrian age.

» Mem. QecH, 8wrv, India, XLVIII, pt. 2, 1926, p. 14.
* The Geology of Oil, OU-8hale, and Coal, 1920, p. 86,
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2, The rocks now overl3dng the salt form the remains of a nappe which must

be older than middle Cretaceous. There is no proof that nappe struc-

tures were formed in this part of the Tethys in Triassio, Jurassic, or

Lower Cretaceous times, ii there is a nappe covering the salt it must

be of palaeozoic age which means that the salt can not be younger

than Palaeozoic.

The foregoing observations and conclusions must be considered when the

problems of the Saline Series and the Cambrian of the Salt Bange
are studied.”

If these observations have been confirmed there will be no point

in further discussing the Tertiary age hypothesis of the Kohat and

Salt Range salt. These discoveries by the geologists of the Anglo-

Persian Oil Co. may indicate the extension of the Hormuz series

under the newer rocks of the intervening areas of Eastern Persia

and Baluchistan to the Salt Range. Such an extension is not as

absurd as it may at first appear. Recently, the fossils found many
years ago by H. C. Jones near Neemuch have been accepted by the

late Charles D. Walcott and other eminent American palaeontologists

as recalling the brachiopod Acrothele which has Lower Cambrian affi-

nities. ^ There are thus grounds for believing that the Cambrian

strata of the Salt Range are similar in age to the Vindhyans of Raj-

putana^ and Central India® —an extension eastward almost as great

as that from the Salt Range to Persia. We are thus led to the

conclusion that the Lower Cambrian period in southern Asia was

characterised by prolonged arid conditions as a result of which the

great salt-bearing formations of Persia, the Salt Range and possibly

Kohat were laid down.

V,—CONCLUDING REMARKS.

In the Introduction of this paper I stated that the tentative

officia opinion in 1920 was, in the absence of critical field evidence,

1 Rec. Oeol. 8urv. India, LX, 1927, p. 18, »bo LXI, 1928, p. 21.

* E. Vredenburg (“ Summary of the Geology of India*’, 2nd Ed., 1910, p. 36), says
“ Lithologically the Purple Sandstone agrees with the Eaimur or Eewa Sandstone, while

the remaining beds appear to represent the Lower Bhander, tbe same beds therefore

that have yielded fossils near Neemuch.” Pascoe (now Sir Edwin) informs me of his

suspicion that the beds included on Wynne’s map as belonging to the Purple Sandstone
represent systems of different ages. He considers that, altiiough the bulk of these bedi

may belong to the Tertiary, some of the mapped exposures may ultimately prove to

belong to the Cambrian.
* Haoket, {Rtc, Qtol. 8urv. India, XIV, p. 301), considered that the rooks of west-

ern Rajputana were the emiivalenta of the Kairaur and Bhander. LaTouche, {Mem,
Oeol, 8urv, India, XXXV, pp. 26-28), agreed with this view. Murray Stuart has

advanced the same opinion. I was also greatly impressed by the lithological similarity

of the Purple Sandstone and the rooks of Dulmora in Bikanir.
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a fair summary of the data available at that time. Prom a hurried

study of the literature dealing with the geology of north-western

India the hypothesis of a Tertiary age of the salt and the suggestion

of thrust-faulting in the Salt Range appear very convincing. A
close study of Wynne’s writings, however, reveals a caution, which,

from the pen of perhaps the most experienced observer in this area,

requires full consideration. Wynne was by no means certain of the

stratigraphical position of the Kohat salt deposits.^ He had mapped
the region—^the only one who has done so. Neither he nor Warth
appear to have been at all imcertain of the Salt Range salt ;

they

considered it to be in its normal stratigraphical position below the

Cambrian (Wynne’s Silurian) Neobolus beds and under the Purple

Sandstone.

The first examination of the Salt Range strata which I made
was along the Khewra gorge from the mouth of the glen to the Num-
mulitic limestone scarp at its head. In particular I noticed the

passage upward from the Purple Sandstone into the Neobolus

beds (Kusak Shales of Noetling). There is a marked lithological

change as well as a striking difierence in colour of the strata in a

few yards, and a thin gravel horizon forms a convenient base for

the overlying Neobolus beds. The strata at this horizon are per-

fectly undisturbed and evidently quite conformable. These remarks

hold true for the same horizon whether scrutinized in the Jutana

canon (see Plate 2) or on the slopes below Dandot (see Plate 8)

or in the Nilawana ravine (Plate 11). It is quite 50 miles from

the Jutana canon to the Nilawan ravine.

A careful examination of the KJiewra glen section of the Purple

Sandstone and the strata above does reveal the existence of several

relatively insignificant thrust faults. The thrusting is along an

E. to W. direction and not N. and S. The amount of overlap is

never more than 15 to 20 feet in the Purple Sandstone and as much
as 50 to 75 feet in the Magnesian Sandstone. The inclination of

the thrust planes vary from 8® to 15® inwards to the glen. In my
opinion this horizontal shearing is suggestive of the weight of the

clifis on each side tending to slide into the glen. It is quite evident

that the strata constitute a conformable series from the Salt Pseudo-

morph Beds above to the Saline series below* Althou^ the Salt

Mail is unstratified there is a rough parallelism of the rock-salt

^ Zlem^ Oiof, 8urv, India, XT, 1876, pp. 28-37^
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beds with the overl)dng Cambrian strata. All the deposits in this

succession are suggestive of marine deposits in hot desert regions

and thus have geographical and climatic relationships.

In the case of the salt of the Kohat area, over the geological

age of which this controversy has really arisen, it has been assumed

that the salt deposits form the lowest bed in a conformable series

—

the Lower Chharat. Davies’ remarks on the Bahadur Khel

section show that considerable irregularity and even confusion

exists at the junction of the rock-salt with the overlying Tertiary

beds. My opinion with regard to the Jatta exposure is that there

is a great ‘ break * of some kind whereby strata of very different

types have been brought into juxtaposition. I was unable to dis-

cover any evidence which, in a dispute, could be advanced to justify

a convincing claim for conformity. All that can be safely said

is that the salt underlies the Tertiary strata. Remembering the

tightly folded condition of the beds throughout the Tertiary belt

in the Kohat area I could not accept a Tertiary age for the salt deposits

in preference to a Mesozoic or Palaeozoic age. The gneissic character

of the salt in the Kohat occurrences, together with its association

with bitumen, and impregnation with petroleum, suggests the view

that the solid salt has, as a result of great pressure, been rendered

plastic and squeezed upward into intrusive relationships with a

carbonaceous horizon, i.c., the Laki stage. It is thus evident that,

if it is impossible to settle the true age of the Kohat salt deposits

in Kohat, we cannot use them for fixing the age of the Saline Series.

It is, I consider, impossible in the light of the above disclosure to

correlate the salt deposits of the Kohat area with those of the Salt

Range. To consider the salt beds of both these regions as of the

same geological age is an assumption for which there is only the

excuse of probability. Wynne and Warth appear to have con-

vinced themselves that the salt of these two regions was not only

different in quality but also in geological age.^ These conclusions

deserve attention although the suggestion of marked chemical

differences does not seem to be justified by Warth’s analyses (on

pp. 26-27). It is quite possible that the Kohat salt is re-deposited

Salt Range salt, which was dissolved after the Neobolus Beds period

and deposited in Salt Pseudomorph stage times. However, any

such suggestion is quite fanciful and it i^ far better to consider

J Geol^ Svrv. India, XI, 1876, p. 37 (see pp. 26-37),
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aJl the salt deposits of north-western India of the same or approxi-

mately the same geological age. I have tried to shew that it is

impossible to be quite certain of the age of the Kohat salt and that

no Eocene age hypothesis will do for the Salt Range salt. No great

salt deposits could have accumulated in Laki stage times. Fina ly

all the evidence seems to me to point to a Cambrian age for the Salt

Range salt and on the grounds of probability the Kohat deposits are

of the same age.

My main arguments in favour of the Saline Series of the Salt

Range being normally below beds of Cambrian age are :

—

() No Tertiary horizon can be assigned to the Saline Series

without causing confusion in the known stratigraphy.

The salt is never seen on any such horizon, and the Laki

stage is particularly impossible as a salt-bearing horizon.

() The occurrence of igneous material in the Salt Marl of the

Saline Series of Khewra has its parallel in the volcanic

rocks associated with the salt-bearing strata—the Hormuz
series—of Persia, which are now considered to be of

Cambrian age.

(c) The Purple Sandstone cannot be separated from the over-

lying Neobolus Beds on any argument of thrust-faulting

nor on grounds of a stratigraphical ‘ break *. These

strata are conformable and are only separable on their

differences of colour and lithological character.

(d) The identification of the Neemuch fossils as possibly Lower

Cambrian forms would make the Upper Vindhyans

approximately Middle to Upper Cambrian in age. Thus

the strata from the Purple Sandstones upward to the

Salt Pseudomorph stage may prove to be the Salt Range
equivalents of the Upper Vindhyans.

(e) The character of these Cambrian deposits, both of the Salt

Range and the Vindhyans of western Rajputana and
Central India, is suggestive of a prolonged period of

arid conditions over a wide area. It is wider still if we
include the Hormuz series of Persia. In such an area,

for the vast period of time involved, it is evident that

the salt deposits of the north-west of India could have

been easily deposited.

(/) The anomalous position of the salt and Salt Marl in various

places in the Salt Range can be easily and satisfactorily
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accounted for by the isostatic subsidence and by simple

solution as suggested by Christie. The foliated condition

of the rock-salt in the Kohat localities is clearly the

result of the extrusion of plastic salt under great pressure,

the dynamic forces of folding.

{g) The Boulder Bed (Talchir) when traced westwards from

Baghanwala successively overlaps the Cambrian Strata

fi*om the Salt Pseudomorph Sta;'e to the Purple Sandstone

and Salt Marl.^

EXPLANATION OF PLATES.

Plate 2.

View of the Jutana Cafion from the head of the ‘ falls’.

The laminated beds which cap the hill on the right of the picture are the flags

and shales of the Salt Pseudomorph zone. The massive beds down to the rock

face at the top of the scree are the Jutana Dolomites. Below these beds come
the laminated horizon, seen in the next slope outward, of the Neobolus beds of

Khusak Fort. They are as tliick as the Jutana series. Below them, and beginning

about the middle of the further sloj^e, are the Purple 8audstone8. These sand-

stones aro underlaid by the Purple Shales which are soon in tlie base of the cliff

near the curve of the stream bed. The section from the top of the Jutana Dolo-

mite to the lowest point of the Purple Shales is roughly 800 feet. The total height

of the point facing Jutana is upwards of 1,000 feet. The capping is of the Salt

Pseudomorph beds. The base is of scree and hidden beneath this debris is the

bright red marl of the Saline series of Khewra. The entrance to the canon would

be an excellent place to prove the strata beneath by boring.

Plate 3. Panorama.

View of Khewra Gorge and village.

The oliffs on each side of the gorge are ca2)ped by Dolomite (Magnesian Sand-

stone), and underlaid by the Neobolus Beds, which in turn overlie the Purple Sand-

stone and Shales. The village is situated on the Salt Marl. The rocks seen in

the distance at the head of the gorge are the Nummulitic limestones. The line

of subsidence extends horizontally in the picture from the bend of the stream to

the entrance of the high level tunnel. The iume can be seen on the east bank

of the stream. The inflltration gallery in the stream-bed had only just been started

when the photograph was taken. Minor subsidences are evident in the building

on the bank of the tributary stream to the right of the salt train. The entrance

to the high level tunnel is above this building. The low level tunnel is under

the tributary stream-bed at a depth of about 40 to 45 feet.

^ Bee. Oeol, Surv. India^ XIX, 1886, p. 31, also XXIV, p. 23.
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Plate 4.

View looking west from the east side of the Khewra glen. Hill “ 1817 ” is

Been on the left. In the middle of the picture the Salt Marl with outcrops of rook

salt and included lenticles of gypsum is seen to strike westward to the Dandot

valley. A close examination of this photograph will reveal the overfolded con-

dition of the Salt Marl. It will be also evident that the overfold is more suggest-

ive of an extrusive origin than it is of any other explanation, especially as the

strata on each side—the Purple Sandstone, etc.—are never found to be bent or

buckled fldthough they are tilted and fractured. The explanation is given in Fig. 6,

with which Fig. 7 should also be studied. The mining village of Tobra is seen

on the right of the picture on the heights which overlook the Salt Marl.

Plate 6.

View looking up the subsidence in Khewra village.

The line of the subsidence covers the concealed outcrop of a seam of rock-salt

which evidently crosses east-north-eastward through the saddle. The hills to

the left above the village consist of debris of bright red saline marls with fragments

of dolomitic limestone and gypsum. This material though soft and plastic stands

at a relatively high angle (of repose).

Plate 6.

View of Dandot plateau, from Hill “ 2666” south of Pidh, looking south-east.

The river Jhclum is seen beyond and on a fine day the Kirana and other hills of

the Jech and Reohina Doabs {Hec. Qeol. Surv. India, XLIII, pt. 3, 1913,

pp. 229-236) can be clearly seen. The Dandot plateau is capped with Nummulitic

Limestone and the step in the scarp at A shows the village portion of the plateau

to have slipped downwards. The greater dip in the lower beds is clearly seen on

the slopes of Hill “ 2340 ” where the Cambrian strata underfie the Boulder Bed
and Speckled Sandstones of the summit. The dark beds in the middle of the

picture are Speckled Sandstones and the Boulder Bed overlying the Salt

Pseudomorph Beds so that there must be a fault or slip between it and the

Dandot plateau. Hill “ 2666 ” is capped with Nummufitic Limestone with the Laki

coal-bearing horizon on a level with the terrace in the foreground of the picture.

It is thus seen that a considerable amount of slipping or subsidence has taken

place between HiU ” 2666 ” and Hill 2340 ” as though the plateau had itself

sunk bodily.

Plate 7.

View from Dandot plateau south-eastwards with the plains of the Jhelum valley

in the distance. The village of Dandot is seen on the cliffs in the left of the picture*

The coal measures lie in the saddle where the workshop buildings are seen and
their outcrop follows round to the mine seen in the foreground. The beds under

the coal are not clearly exposed, but they are roughly 100 foet below and overlie



Part 2.] Fox : deology of the Punjab SaU Pange.

the Speckled Sandstone and the Boulder Bed of Hill “ 2340,” This Hill “ 2340 ”

above the workshop buildings and forming the central feature in the photograph,

shows the dipping strata of the Speckled Sandstone (Conularia beds). On the

outward slope of this hill, underljring the Boulder Bod, are successively the Salt

Pseudomorph Bods, the Neobolus Beds and the Purple Sandstones and Shales

with the gypsum band below. Then follow the inverted beds of dark Purple

Shales and Sandstones, which are seen on the right of the picture. The light

coloured strata at A are the Salt Marls which were seen and discussed in connec-

tion with Plate 4. Hill ** 1817 ” capped with Magnesian Sandstones is also seen.

Plate 8.

View from Hill ** 2061 ’* looking eastward. In the foreground is the Uchli

Kas glen. Dandot village crowns the Nummulitic scarp to the left (north). Hill

‘‘ 2340 ** with the great unconformity between the T<ilchir Boulder Bed (Upper

Carboniferous) and the Salt Pseudomorph Beds (Upper Cambrian) are indicated.

The gypsum band between the normal and inverted strata is also clearly seen.

All the beds below the gypsum band are overturned. The Purple Sandstone and

the Neobolus Beds are seen repeated. If a thrust-plane lay between the Purple

Sandstone and the Neobolus Beds it is evident that the thrust plane would also

be included in the fold. This photograph thus proves that the Purple Sandstones

cannot be separated from the Neobolus Beds on structural grounds and the beds

are obviously related stratigraphically.

A curious sink-hole subsidence is seen in the Uchli Kas and the fact that a large

mass of strata are seen to be sunk in the Salt Marl across the Dandot valley (see

right of picture) on the same lino of strike as the axis of the inverted beds is sug-

gestive of subsidence rather than overfolding to account for the section seen in this

photograph. The sunken mass above-mentioned is well seen in Plate 9,

Plate 9,

A continuation of the Dandot section seen in Plate 8, and also taken

from Hill 2061 ” looking eewtward. The inverted Cambrian beds—the gypsum
band at the base of the Purple Shales, the Purple Sandstones and particularly the

junction between the Purple Sandstone and the Neobolus Beds, are all clearly

seen. The sunken mass of Cambrian strata embedded in the Salt Marl across the

valley is also evident (see Plate 10).

Plats 10.

Is a view looking east-south-east from the saddle, between Hill 2340 ” and
Dandot village, at top of incline. Hill 1817 with its cap of Magnesian Sandstone

is seen in the distance with the Jhelum river beyond. The belt of Salt Marl and
rock-salt outcrops which trend into the Khewra glen is seen in the middle of the

picture. The sunken mass of Neobolus Beds with a capping of Magnesian Sand-

stone and a plinth of Purple Sandstone is seen, surround^ by the bright red Salt
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Marl, just above the post of the distant signal The tubs are filled with limestone

(4) and coal (2). On the left of the piotore the Cambrian strata are seen in situ

on the main cliff face.

Plate 11.

This is a view from below the summit of Hill ** 2340 south of Baudot

looking westward to Hill “ 2061 ** and the Jhelum river beyond. The g3rpsum band

G is clearly seen to be conformable to the underl3dng strata. In the foreground

are seen the Salt Pseudomorph Beds. The man on the right is standing in front

of the little cliff which is the base of the Boulder Bed. The glen below is the Uchli

Kas. Kurlnia lies at the entrance to the gorge, seen on the left of the picture,

which leads up into the Uchli Kas. Salt Marl is seen in the foot-hills on the left.

The dark rooks seen at the bottom left-hand comer are inverted Purple Sand-

stones. The strata lying in a normal position are seen on the spur which joins

Hill “ 2061 ” with the foot of the Baudot scarp to the north (right).

Plate 12.

Banded rock-salt in the Nilawan Ravine. Tilted, faulted and squeezed

strata of the Saline Series which suggest tectonic movements in the Salt Range.

The mass is really partly slipped and partly up-heaved material. The whole

appears to have subsided as the result of the solution and wetting of the soft

clayey material of the Saline Series. The pressure of the strata of the main slope

has squeezed out the plastic salt and saline marl under and into the ravine bed.

Looked at closely it will be seen that the section across the ravine is that of a

low anticline, the tilt away from the gorge being due to the pushing out, up

ward, of the plastic, wetted marl and rock-salt of the Saline Series. TJie

cutting action of the stream disturbs the isostatie balance by removing material

from over the plastic beds, and this, as a result of the pressure of the strata on

the main hills on either side, has pushed up into the ravine floor.

Plate 13.

View looking up the Nilawan Ravine. The Saline Series of rock-salt, gyi)sum
and bright red saline marls, are seen on the right bank of the picture. These

strata are overlaid by the shales of the Khewra stage (Purple Sandstone) and
then by the sandstone. The spur at the right top is capp^ by the Kusak
(Neobolufl) Shales while the main scarp to which this spur is joined is capped
with the Jutana Bolomite (Magnesian Sandstone). A gentle anticlinal structure

across the valley is fairly evident the dips being somewhat steeper in the lower

beds in the sides of the ravine as though the valley floor corresponded with an

axis of bending due to the localized pressure of some underground heave.

Plate 14.

View looking back (south) down the Nilawan Ravine. The |unacle on the

left is Purple Sandstmie (Khewra stage) uuderiaid by purple shales with the Saline
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Series showing in the base of the slope in the ravine. The massive Purple Sand-

stone is seen forming the plinth of the bluff in the middle of the picture. The
overlying soft beds are the Kusak (Neobolus) shales, while the bluff is surmounted

by the Jutana Dolomite (Magnesian Sandstone) with a thin capping of the equi-

valents to the Baghanwala (Pseudomorph Salt Beds) zone. The dark, some-

what broken strata on the right of the ravine are Purple Sandstones which have

subsided or been faulted down. The slipping of smaller material is evident on

the slope below the pinnacle.

Plate 16.

A view in the Waroha deffle above the Salt mines and on the way up
to the newly opened prospecting adits. The interest in this photograph lies in

the fact that rooks older than the Saline Scries show up in the valley bed. In this

picture these folded strata are seen under the Salt Marl. There is an exposure

of rock-salt half-way down the cliff face under the httle guard hut which is seen

on. top. I was not able to determine if these folded flaggy and shaly beds (im-

pregnated with salt) were part of the Saline Series or truly below these strata. This

locality would be a suitable place to put down a boring from which considerable

information might be obtained.

Plate 16.

The Salt Hill of Bahadur Khel (Kohat district). The banding may be the

original bedding of the rook, so far as one can guess, while the puckering seen on

the righthand side is responsible for the schistose nature of the Salt. Murray
Stuart considered the banding as due to foliation planes. It is quite possible this

“ metamorphic ** explanation is the correct one but it is difficult to decide. The
chemical nature of the Salt, except for included earthy matter, does not vary

greatly.

Plate 17.

Pseudomorphs of clay after Rock-Salt. The little cubes of salt appear to be

attached to the under-side of the flaggy layers and to project into the soft red clay

which is below. There is a thin peuting of green (glauconitic) clayey matter be-

tween the red clay and the flaggy layer to which the pseudomorphs are attached#

These Pseudomorph Beds are best exposed on the track leading from Baghanwala

to Ara, and this horizon is most appropriately designated the Baghanwala beds.

t>
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The Iron Ore Deposits of the Northern Shan
States. By J. Coggin Brown, O.B.E., D.Sc.,

M.I.M.E., Superintendent, Geologioal Survey

of India. (With Plate 19.)

introduction.

I
RONSTONE mining in the Northern Shan States is carried on ex-

clusively by the Burma Corporation Ltd., and the ores so obtained

are used in the blast furnaces at Nam Tu to assist in the reduction

of sulphide ores containing lead, silver, zinc and copper. For this

purpose they are essential, so that although the quantities raised are

small in comparison with those won in India to supply iron and steel

works there, the industry in the Shan States is a settled and im-

portant one. It has already opened up new tracts in this somewhat

remote region and found employment for both local inhabitant and

Chinese immigrant alike
;
moreover, it is very probable that it will

continue to do so for some considerable time to come.

My first acquaintance with this branch of the Corporation’s

activities was in 191G when I reported on the Twinnge deposit,

then under exploitation. Early in 1927, the Government of Burma
requested me to review the iron ore situation generally. Other duties

having taken me to Bawdwin, I spent a few days on my return

journey, with the permission of the Director, Geological Survey of

India, in the Wetwin neighbourhood, in March last, and I was also

enabled to examine briefly the Manmaklang deposit as well. In

this report I propose to summarize briefly our knowledge of the

outlying deposits which have been worked, before dealing wdth the

mines of the Wetwin area proper. In Rangoon before leaving for

the field I had the advantage of a discussion with Mr. P. E. Marmion,

Managing Director of the Corporation, at that time on a visit to

Burma, while Mr. E. Hogan Taylor, General Manager in Burma,
conlerred with me at the mines. To both these gentlemen my best

thanks are due.

OUTLYING DEPOSITS.

The Twinnge Deposits.

Iron ores were probably mined in this vicinity in the times of the

later Burmese kings but F. N. Datta in a note published in 1900,
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was the first geologist to draw attention to them. ^ He foimd out-

crops of apparently rich iron ore between the third and fourth furlong

posts, past the 39th mile on the Mandalay-Lashio cart road, that is,

miles beyond the village of Singaung (Zegon, 21° 58'
:

96° 27

)

or about 3 miles south-west of Maymyo. Regarding Twinnge
itself Datta wrote as follows :

—

“ About half a mile north of a little village called Twinnge which

lies a little over 2 miles due north of Thondaung railway station is

a hill whose top, i,e., so much of it as is exposed, shows masses of

a very rich iron ore, probably haematite with magnetite

There is no doubt that it is very rich stuff, but the ground roimd

and about must be a little more cleared before one could estimate

with any degree of certainty as to the quantity of ore here, which is

apparently large.”

Several years later the Burma Corporation commenced quarry-

ing near Twinnge (21° 57' 30''
: 96° 25'), and in 1916 I found that the

ore occurred in rounded grains, pebbles and masses, sometimes

several feet in diameter, forming a layer near the base of the mantle

of red clay which overlies the dolomitic limestone of the Shan plateau.^

The ore bed had an average thickness of about 3 feet and the quan-

tity originally available was estimated at approximately 275,000

tons. The composition of the ore is given in the two following

average analyses, the first of which represents the oie as delivered

to the smelters for the four months ending December 1914, and the

second for the three months ending March 1915.

Insoluble. Iron. Alumina

Per cent. Per cent. Per cent.

No. 1 . 10-2 66-3 3-4

No. 2 . 6*4 60*1 3-4

I came to the conclusion that the ore was of a residual nature,

and represented the ferruginous matter originally disseminated

through that portion of the limestone which has been removed by

denudation, since the Plateau permanently emerged from the sea in

later Mesozoic times.

^ P. N. Datta ;
“ Notes on the Geology of the country along the Mandalay-Kunlon

Ferry Route, Upper Burma." G^n. Report, O, S. /,, 1899-1900, pp. 121-122.

> J. Goggin Brown : " The Iron Ore Deposits of Twinnge, Northern 8han States."

Rec. Owl, Surv. Ind., XLVII, pp. 137.141.
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Thb Manmaklang Deposit.

Tkis deposit lies 2 miles east of Manpwe aad 2^ miles from a

siding on the main railway line, in lat. 22° 50' : long. 97° 40', at the

foot of a north-east, south-westerly trending limestone range, in a

country of low relief, the surface of which slopes gradually in a

north-western direction towards the Nam Yao river. Work was

commenced in 1917, and in 1922, E. L. G. Clegg visited the mine but

finding the workings full of mud and water owing to their temporary

abandonment, he had to rely on data, supplied by the Corporation’s

geologist, Mr. E. H. Loveman.^ According to the latter, the country

rock is limestone, and the iron ore was exposed in tunnels and shafts,

not as separate boulders but rather as a mass of fragments separated

by slight amounts of clay and by open crevices. Towards the

south-east the ore was covered by 10 feet of travertine but with the

exception of this junction and one other at the bottom of a shaft

40 feet deep, where the ore lay directly on the limestone surface,

all the contacts were with the surface soil. These facts led Love-

man to believe that the Manmaklang deposit was of residual

origin, an interpretation which does not seem to me to be in

accordance with evidence which more extended exploration has made
available.

I regard it as a large replacement deposit, the result of the action

of iron-bearing waters of meteoric origin working downwards on the

Plateau Limestone, which is exceedingly brecciated and soft here-

abouts. Originally opened up by two drives, separated by a vertical

height of 75 feet, and by two shafts, it has since been developed

into a large open quarry in which the upper drive is now exposed.

According to Clegg, this passed through 115 feet of ore and its face

was still in ore in 1922, while shaft No. 1 had been sunk 75 feet in

ore and discontinued at that depth. Mr. G. Rogers, the Superin-

tendent of the ironstone mines of the Company, informed me that

while the Manmaklang deposit was at least 200 feet long and 150

feet broad at the surface, it was said to have diminished to a thin,

12 to 15 feet band in the lower drive.

At the time of my visit the full width of the orebody could not

be seen, owing to surface falls, but there was a well marked wall

visible. The ore itself appears to be mainly limonite of varying

^ E. It. G. Clegg : KuxigkHa and Manmaklang Iron Ore Depodta, Northern Shan
States. ” Mec. CM. 8urv. Jnd., LIV, pp. 431-4S6.
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shades of yellow and brown, ^ a light, rather porous material con-

taining, however, irregular bands and lumps of darker and harder

mineral in which hscmatite seems to predominate. Prominently ex-

posed in the quarry face was a large lenticular mass of marcasite.

The output from Manmaklang was about 1,300 to 1,500 tons per

month, operations being carried on by Chinese labour in the open

season only. The larger and richer material is handpicked, the

remainder is carted to the log washing plant which separates dirt

and an J inch undersize. From the log washer a narrow gauge

railway proceeds to the siding on the main line.

The following table gives the approximate composition of the

Manmaklang ores :

—

Iron. Silica. Alumina.

Per rent. Per cent. Per cent.

Lump Ore .... 67 2 Not stated

Washed Ore. 54 3*6 2

— i Finefe .... 47 6 Not stated

These may be compared with the following approximate assays

given by Clegg:—

Iron. Silica. Alumina. Lime.

Per cent. Per cent. Per cent. Per cent,

62 1*5 6-5 1'8

Open cast working will be impossible at Manmaklang before long,

without costs which may well be prohibitive. It is rapidly becom-

ing an underground proposition and in this case the limits quoted

by Mr, Rogers have to be borne in mind. It is clear that such

operations cannot be carried on profitably in competition with

surface work on the true residual deposits elsewhere, though Man-

maklang possesses an advantage over the Wetwin region by reason

of its proximity to Namyao, the terminus of the Corporation’s own

railway.

Quantities of a small-grained, yellowish, rubbly iron ore are

carted to the Manmaklang washing plant from Man Pat some 6 or

7 miles to the south-east. These bring up the
The Man Pal Deposil.

combined output to about 3,000 tons per

1 The term “ limonite ” is used to include mixtures of any or all of tho hydrated

oxides of iron. They are of red, yellow and brown tints and often have an open,

cellular texture,
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month. Time did not permit to visit the area bnt I understand

that the deposit is a shallow residual one lying on limestone.

Close to the large quarry at Manmaklang there is an interesting

residual deposit consisting of the typical red earth of the Plateau

„ ^ ,
crowded with small pellets of limonite and

Residual Deposit at , ^ ^ ^
Manmaklanj^. Similar ores. Although a certam amount of

excavation had been done, the limestone bed-

rock was unfortunately not exposed. Analyses of these pellets in

the Corporation’s laboratory have shewn them to be too aluminous

for the special purpose for which they are required. The high

alumina content may be due to small pieces of a white bauxitic

mineral which occur with them and which cannot be separated in

the log washer. It is also possible that the kernels of the pellets

themselves are responsible for it.

About half a mile south of the main quarry a long trench had
been dug up a steep hillside and had exposed pieces of iron ore

Prospecting near Man- similar to that found in the quarry. Both
maklang. this trench and others at right angles to it

were not deep enough at the time of my visit to enable any useful

conclusion to be made. As a prospect it showed possibilities worthy

of further exploration.

The Kunghka Deposit.

I have not seen the Kunghka deposit which lies in lat. 23° 1 3'

:

long. 99° 19', 17 miles from Nam Tu, where the ore is brought by

pack mules. According to Clegg, work was commenced here in 1916

and some 5,000 tons had been removed up to April 1922. To-day

it produces about 7,000 tons during the dry season only. It is said

to be situated on the Pangyun beds, a name given by me to a group

of rocks lying between the Bawdwin Volcanics below and the

Naungkangyi series of Ordovician age above, with which it is con-

formable.

The ore body is in a fault zone and has been formed by the infil-

tration of iron-bearing solutions resulting in the production of

lenticles and veins of hard solid haematite in a soft matrix of red

and yellow limonite. In the latter, platy crystals of specular iron

ore and small nodules of barytes are of frequent occurrence. Occa-

sionally mueh larger masses of barytes are found, several of which

were recently presented to the museum of the Geological Survey in

Rangoon by the Corporation. The mineralisation has also affected
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the contiguoua sandstones of the country rock and their cementing

material has been altered to iron oxide. It is interesting to note

that Clegg and Messrs. Loveland and Bloomfield, the latter geologists

at one time in the employment of the Burma Corporation, believe that

the iron of the Kunghka veins was probably derived from Plateau

Limestones which originally overlaid the Pangyun series. Kunghka
ore in the stock heap at Nam Tu was a typical hard heematite.

It is used coarsely crushed in the production of copper matte only.

Clegg has given the following analyses:

—

Kunghka ore (hard type) Fe=61 per cent,^

„ „ (soft type > Fe=47 „
* Average of 2,600 tons.

DEPOSITS OP THE WETWIN REGION.

The Pauktaw Deposits.

The Pauktaw quarry is close to the main railway line, some 4|

miles south-west of Wetwin station in the direction of Maymyo,
and about half a mile from the Pauktaw camp and log washing plant

of the Corporation. It is a small excavation which was worked in

1920 and 1921. Originally the iron ore cropped out at the top of

a small hill and as it was followed down, the workings gradually

increased to a depth of 35—40 feet. In the old faces I found the

lower layers of the red earth containing shots of iron ore while at

the bottom was an ore bed 8 to 10 feet thick—massive in parts

but more commonly with an ‘'organ-pipe'’ structure. 1,700 tons of

ore averaging 56 to 57 per cent, of iron have been removed from this

hole. There are no indications of exhaustion but the economic

limit has been reached because of the increasing thickness of the over-

burden.

The Bawhlaing Deposit.

Bawhlaing is about 2 miles to the north-north-east of Pauktaw

camp. I visited the abandoned workings on my return journey

from Naungthakaw. They commence as a channel some 200 feet

across and soon broaden out into a semi-circular excavation about

500 or 600 feet in diameter. Their total length, including the channel,

is 1,200 or 1,300 feet. From this area approximately 200,000 tons

of good massive ore have been taken and there is still a reserve of
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ronghly 40,000 tons left. It was a shallow deposit lying on the top

of a limestone knoll which displays the typical form of weathering

so prevalent in this region. The deep reddish-purple soil is very

characteristic. I noticed a thin deposit of pisolitic ore which is

said to be too high in alumina to be worth washing. Pitting is

reported to have been carried on all around but has revealed no

extension of the ore bed except on the higher ground, and here it

is too thin to be economically removed.

The Naungthakaw Deposits.

The Naungthaka*v lease lies six miles as the crow flies to the

north-west of the Pauktaw camp of the Corporation, about lat.

22"^ 10' and long. 96° 31', on Sheet 93B/12 of the 1 inch to 1 mile

Survey. It is on ground which slopes gently towards the valley of the

Shweleik-ka to the south and to the north-easterly flowing drainage

on the east. To the west is the higher land attaining elevations of

over 4,000 feet, along which the boundary between the Mandalay

district of Upper Burma and the Federated Shan States runs.

The leased area has been divided into a number of sections,

lettered from A to 0, whose general position can be seen from the

accompanying plan /Plate 19}.

In Section A, the workable ores occur between elevations of

3,660 and 3,700 feet, varying from thin bands a few inches across

Section A
^ north-west and south-east to richer

stuff several feet thick, distributed in three

well defined patches in the middle of the southern half of the section.

In one large open cut of this section, from which the red earth had
been stripped for two or three acres, the limestone cropped out on

the south-south-west, while towards the opposite direction the over-

burden thickened beyond the present economic limit. This occur-

rence illustrates an important point. On the attached plan, the

approximate limits of the ore bodies in the various sections are out-

lined, but it must be remembered that these are the limits of the

ore which can be extracted profitably at the present time by pre-

vailing methods. They are not the absolute limits of the ore bodies

in all cases, but are governed by such factors as depth of overburden,

thickness the ore band and composition of the material. The
average thic^ess of the overburden in the open cut is about 8 feet

and under this is some 6 feet of vesicular haematite bearing indica-

tions of a little manganese ore^
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Stripping was in progress in another part of Section A, the upper

and untouched surface of the ore bed being exposed over a large

area. The original recoverable contents of this section were esti-

mated at 16,000 tons. (These and similar figures given later, are the

estimates of the Corporation’s engineers which, together with the

plan, were courteously placed at my disposal.)

To the north of Section A lie ^'ections B, C and D. Sections B
and C are separated from Section A by a shallow depression carrying a

little stream which may be responsible for the
ctlons , C and D. ^ band between them. Further

east again are low prominences which should be tested. In Section B,

the thickest part of the ore bed is found on and about the summit

of Kadut Taw hill, elevation 3,780 feet, where it practically comes

to the surface. The overburden thickens down the slopes while the

ore bed diminishes to 6 inches in the valley towards Section A.

After thinning in Section B, the bed becomes very well-defined again

in Section C, at elevations between 3,660 and 3,740 feet, with exten-

sions again, as shown, into the southern part of Section D. A
good deal of the ore in these blocks is roughly rounded, rubbly

material rather than the cemented solid ore of Section A. The

estimates for Sections B, C and D were 36,000, 60,000 and 6,700

tons respectively. It would be advisable to pit closely the unworked

portion of Section D along the contours where the ore occurs in

Sections B and C.

Section L lies to the north and west of Section D and is followed

to the north by Section E. An ore bed commences in Section L and

stretches across Section E to its northern limits. It lies between the

Sections L and E.
3,650 and 3,750-foot contours and is exploited.

The two blocks have been estimated to contain

10,000 and 26,000 ions of ore respectively. The open cuts in these

blocks display the extremely irregular surface of the underlying

limestone in a remarkable manner, high pointed pinnacles separated by

deep and narrow hollows being of common occurrence. In the latter,

pockets of brittle, rubbly haematite up to 20 feet in thickness lie under

6 to 8 feet of overburden. In one exceptionally deep hole in a quarry

of Section E, the ore is 40 or 60 feet thick and of a very solid, brown

hopmatite at the bottom, while surrounding it are rocky pillars with

only a few feet of ore above them. The lower layers of the red earth

in both these sections contain a good deal of small disseminated

fubbly 0|re which is recovered by dry screening.
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Sections F and Q.

Sections M and I.

Sections F and G lie to the north of Section E from which they are

separated by a barren area. I did not examine these two blocks though

they have been proved to contain ore beds with

estimated contents of 12,000 and 23,000 tons

respectively. Stripping operations were in progress on Section G at

the time of my visit. In both of them the ore occurs at much the

same horizons as elsewhere in the lease.

To the south of Section E lies Section M, to the north of which

again is Section I. In addition to several small patches of good ore.

Section M contains the southern portion of an

ore bed, which obtains its greatest develop-

ment in Section I and contains approximately 66,000 tons. The

estimate for Section M is 11,000 tons. One quarry in Section I is over

60 feet deep between higher banks of limestone. The ore in both is of

a rubbly and vesicular nature, but large boulders of harder material

up to 6 feet in diameter, require blasting before they can be handled.

The overburden ranges up to 12 feet thick and the greater part of the

ore lies about the 3,700-foot contour.

Sections J, 0, H and N form a parallel group to Sections M and I

on the east extending from south to north with Section K to the east

of Section J. In these areas the ore beds are

and
’ found between elevations of 3,650 and 3,680 feet.

Section J is a good block which contained 60,000

tons. Its limestone bed rock is more deeply eroded than elsewhere on

the concession and one pipe, almost circular in section, had a depth of

35 feet with its bottom still in ore at the time of my visit. A separate

ore bed in the eastern part of this section extends into Section K
where some 3,600 tons are already proved. In Section 0, unmarked

on the plan, but lying between Sections J and H, pitting was in

progress over an area of 7 acres and a considerable extent of ore bearing

ground had been proved. The overburden, however, was unusually

thick. The ore bed in Section H, with an estimated reserve of 36,000

tons, lies between the 3,660 and the 3,680-foot lines and that

in Section N between 3,630 and 3,660-foot, with a reserve of

13,000 tons.

PROSPBCTINO OPERATIONS AROUND NAUNOTHAKAW.

In addition to the ore winning operations which are being carried

on in the sections of the Naungthakaw leased area already described,

the Corporation is engaged in a prospecting campaign elsewhere.
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One line of country along which work was being prosecuted com-
mences from Section I and trends to the north, though no pitting

has been done for three-quarters of a mile north of the last ore bed

that has been proved. Other areas which were being systemati-

cally tested are known as the “ 3 mile north block ” and “ Taung-

talon east block.” On the “ 3 mile north block ” at the time of my
inspection, over 400 pits had been sunk, many of which revealed

good thicknesses of ore. As a rule, there is little surface indication

of the presence of underlying ore beds but at a point half a mile west

of Nyaung-bin-tha, pieces of coarse haematite were picked up in

the fields. Prospecting operations were being canied out both here

and elsewhere in a methodical and skilful manner, the only complaint

which I have to make is that pitting is not permitted in land under

cultivation, or in land intended for crops during the following rainy

season. As all the cultivation is of the taungija variety, and as the

pits are refilled as soon as their contents have been measured and

examined, I fail to see why such a restriction should be made, es-

pecially as the Corporation is willing to compensate for any reasonable

injury or loss caused to cultivators during its explorations. In

repeated instances I found lines of pits stopped because the

jungle ahead was being cleared for a taungya. A system of this

kind quickly leads to abuses and it is impossible for the Corpora-

tion, or any other body, to compute the iron ore reserves existing

in this region, if its activities are restricted to narrow wandering

areas lying between present and potential patches of hillside culti-

vation.

In a tour which I made through the “ 3 mile north block ” and

elsewhere, I found pitting in progress at Tanganaing with compara-

tively poor results. The prospects beyond Thayetkon and around

the point marked 3,618 on the 1-inch survey map, appeared good,

but no pitting has yet been undertaken there. The lower slopes of

the Taungtalon limestone hill are well worth testing, but work is

suspended as they are under cultivation, though there is known to

be a patch of ore in a small valley between that peak and another

one to the south-east. Beyond advising the intensification of the

pitting campaign and an extension of preliminary pilot holes in

suitable locs^ties toweo’ds the north-north-east, if it was considered

desirable to add to the total iron ore reserves quickly, I could suggest

nothing else to the capable officials of the Corporation engaged

in these tasks. As about 200,000 tons have been added to the
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available reserves as a result of the season’s work, this policy

would appear to have been justified.

FUTURE PROSPECTS.

The questions may be asked, what are the prospects of obtain-

ing additional supplies of iron ore in this region ? Will they be

large enough to relieve the anxieties of shortage for years to come

and warrant the laying down of proper means of transport to replace

the bullock cart, if they come to be worked further away from the

railway ?

To answer these questions we must consider briefly both the

geological features of this portion of the Shan Plateau and the origin

of the iron ores which are found upon it.^

The great series of dolomitic limestones of Devonian to Permo*

Carboniferous age which are called the “ Plateau Limestones ” cover

hundreds of square miles in the Shan States and stretch beyond

them into China. In the region under discussion, which may be

taken as a roughly triangular area with its base formed by the rail-

way line between Maymyo and the Gokteik gorge, and its apex the

peak Hpataungyi (3,664 feet) in Monglong sub-State, they forln an

embayment, surrounded on the west and north by the higher, hilly

country of the eastern part of the Mandalay district and of MSnglong,

covering thus about 420 square miles. Encircling the limestones are

various groups of older rocks which it is not essential to consider

here. The residual iron ore deposits are confined to the limestone

and are not found beyond its limits. The boundaries of the lime-

stone with the older rocks, for the most part mudstones and shales

of Ordovician age on the west, and sandstones of the Silurian period

on the north, have been mapped by La Touche and are clearly

defined. Commencing on the south at Mogyobyit, 4 miles north-

east of Maymyo, the boundary continues north, across the eastern

slopes of peak 4,167 through Taungtonlon to Kyaukme ;
here it

turns west for 3 miles to Memauk, whence it continues north through

Hsa-pye-do, Kyauk-mo and Loikaw. Prom this point it begins to

trend north-east and swinging round the head of the embayment is

found again, trending south-east now through Na-Kyang, Pyinmana

* The remarks which follow apply only to the residnal ores such as those of Naung-
thakaw and the Wetwin region generally, and not to particular and exceptional oases

like the rcjpUeement deposit of Manmaklang or the true vein fprpiatiop of nunghka*



Paet 2.] CoGGiN Bbown : Iron Ore DepoMls. i91

and Pangu, whence it follows approximately the course of the Nam
Panhse stream to Chaungzon. The embayment is drained mainly by

a network of sluggish streams flowing to the south-east through the

comparatively low area around Hsum-hsai. This place has an eleva-

tion of 2,623 feet, but the limestones ascend to heights of over 4,000

feet in exceptional cases. The older rocks beyond it form higher

ground still, and the limits of the plateau are quite apparent from

the contrasting sculpturing of the country, even on a plain topogra-

phical map.

In the embayment just outlined, as elsewhere, the limestones are

covered for the greater part with a mantle of red earth. Of pre-

vailing Indian red or reddish-purple tints this attains depths vary-

ing from a few inches to 40 or 50 feet. It contains little or no sandy

matter, is usually stiff and tenacious in character and is sometimes

full of pisolitic nodules of iron oxides and hydroxides, ranging in

size from small shot upwards. La Touche compared the red earth

with the terra rossa ” of Istria and Dalmatia and thought it might

have been produced by a process of lateritisation, the difference

between the final products and ordinary laterite being perhaps due

to the absence of siliceous matter from the limestone. Its origin

can only be attributed to the accumulation of the insoluble matter

in the limestone itself in the course of its degradation through

weathering. It is true that these dolomites contain very little

insoluble matter
;

in four analyses by the late T. R. Blythe the

average found was 1*09 per cent,, while four more, by the chemists

of the Corporation, only yield an average of 0'4 per cent.

:

but on

the other hand, the area is believed to have been a continental one

from later Mesozoic times.

If the red earth is a residual deposit its iron contents are also

of the same origin. At one time disseminated in small quantities

through the dolomites (and Blythe’s analyses again average only

0*76 per cent, for the combined oxides of iron and aluminium),

they were at first probably equally well distributed through the red

earth, and their concentration into the irregular beds towards the

base of the clay, as we find them to-day, is due to subsequent pro-

cesses which have occurred in it since its formation. There are no

signs that the iron ore occurred in the limestone in any form of

concentrated deposit, neither are there the slightest indications in

this type of deposit that it is of bog or lacustrine formation, or has

been produced by any kind of replacement.
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It follows that iron ore beds should be found in many suitable

places on the plateau, where the thickness of the red earth is suffi-

cient for the chemical reactions which have resulted in the concen-

trations to have taken place, and the topographical conditions are

such that they have not been removed at later periods. With this

in mind, when dealing with the Twinnge deposit in 1916, I wrote

as follows :

—

Other similar deposits exist in the immediate neighbourhood.

The surface of the ground shows the same type of light brown

ferruginous gravel and larger pieces of iron ore. In more distant

parts of the Shan plateau they will also be discovered when carefully

searched for. Recently I have noticed the same indications between

the villages of Wetwin and Padaukpin and also a few miles south

of the latter locality, though whether the ores exist here in paying

quantities or not has still to be determined.’’

These views have been abundantly confirmed by the develop-

ments of recent years, though the Padaukpin ore itself proved to

be of much too bauxitic a character to be of any value in lead smelt-

ing. For some reason which I am unable to explain at present,

the ores from the lower portions of the plateau, and also the small

pisolites which occur frequently in the upper portions of the red

earth, are often highly aluminous and it is to the higher geographical

horizons and well-drained gentle slopes, at elevations such as have

been indicated earlier, that future attention should be paid. A zone

of country possessing these features runs almost completely round

the embayment, and it is in this, not far from the boundaries of

the older rocks, and yet not too close down towards the water-

logged centre, that conditions are, in my opinion, most promising.

Experience gained since 1916 convinces me that further extensions

of the iron ore deposits will be located in such situations, neither

are they likely to be confined to this particular limestone embay-

ment, which I have selected as a convenient unit, because the present

operations of the Corporation are centred in its southern corner,

and form a suitable point of attack for the exploration of the rest,

besides embracing a tract of country well adapted for opening up,

either by a good motor road or a light railway. If prospecting

operations are desired further afield, the middle slopes of hill 4,378

and of Taungma, to the south and east of Wetwin, are suggested,

though 1. consider an extension of the present scheme to the north

as much more likely to lead to quick results.
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Iron ore deposits of this type and in this country are notoriously

irregular. The eidiausted portions of the Naungthakaw blocks show

how extremely variable the character of the surface of the dolomites

may be. The general impression that it is a more or less flat under-

lying table is entirely wrong. It is weathered into fantastic heights

and hollows which reproduce on a small scale all the “ pitons ” and

chasms of a karstic landscape. Such a scene explains how one

prospecting pit may miss the ore bed entirely, while the next one,

landed on a hole in the limestone full of ore, may make an excellent

though misleading showing. Close and careful pitting is essential

before estimates can be attempted, while lines of pits should not be

stopped because one or two holes yield poor results in succession.

Instances have occurred where a good ore sheet has thinned away

to practically nothing, down towards an insignificant surface drain-

age channel, to make again in quantity on the opposite slope.

ECONOMICS.

The Pauktaw deposit was opened up in December 1920 and the

Bawhlaing one in January 1921. The sinking of prospecting pits

commenced on the Naungthakaw lease in 1921 and exploitation

started in 1922, since when 35,000 to 40,000 tons have been removed

per aymum. All the work is open cast, large areas being stripped

of overburden and the ore beds systematically removed. The
larger pieces of ore are handpicked whilst the remainder is dry

screened on the spot, carted to Pauktaw, cleaned in a log washing

plant and railed to Nam Tu from a siding at the plant alongside

the main line. The labour force is about 1,000 strong and consists

for the most part of migratory Yunnanese Chinese and Maingthas

with some local Shans. Mining operations are suspended during the

rainy season. The carting is done by local people who work inter-

mittently removing loads of about three-quarters of a ton. Up to 400

carts a day can be collected if necessary. About 40,000 tons of ore are

kept in the stock heap at the siding. The log washer works conti-

nuously throughout the season except when the water supply is

required by cultivators. Efficient arrangements are made to settle

the slime from the plant and prevent its overflow on to terraced

rice fields. The rates paid for prospecting pits vary from 6 annas

to Rs, 1-12 per foot, according to depth ;
the latter rate is unusual

and is only given for deep 30-foot holes, in which hard ore has been
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encountered. In lines of holes, pilot pits are sunk 200 feet apart,

and intermediate ones 100 feet apart are put down if warranted.

Pits are filled in after inspection and measurement.

ANALYSES.

A series of analyses illustrating the composition of the ores from

the Naungthakaw and other mines is given below :

—

(1) Washed ore as railed :

—

FeO . . . =71—72*5 per cent.

AljOs . . =3*3—3*6

SiO, . . . =4—6

(2) Washed ore (fines) :

—

Fe . . . =66*2 per cent.

AljO, . . = 0*3 „ Sp. Gr.=31.

SiO, . . . = 4*4 „

(3) Bright red hfismatite (brittle 1., slickensided ore) 2. from Section E :

—

Fe . . , = 61*3 per cent. 64*6 per cent.

A1,0, . . = trace trace

SiOg . = 6*0 per cent. 2*8 per cent.

(4) Bawhlaing ore :

—

Fe . . , =66*6 per cent.

Al^O, - 3*7 „
SiO, . = 2 ,,

(6) Pisolitio material from Pauktaw cutting ;

—

Fe . . . =26'2 per cent.

A1.0. . . =19-0 „
MgO . . . = 6-2 „
MnOa * . =11-2 „
SiO, . . . =10-0

Sp. Gr.=2*67.

(6) Bauxitic ore from Padaukpin :

—

Fe . . . =21*2 per cent.

A1,0, . . =49*4 „
SiOj . . . = 9*8 „

(7) Dolomites ; Average of 4 spedmens ;

—

CaO . , , =30*5 pw eani.

MgO . • • =20*1 Sp. Gr. varied from 2*75 to 2*83.

Insoluble . • = 0*4
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My thanks are given to Mr. E. Hogan Taylor, the General Manager

of the Burma Corporation Ltd., who accompanied me to Manmaklang

and Pauktaw, for his help and unfailing courtesy, to Mr. G. Rogers,

in charge of the ironstone mining operations, who kindly guided mo

through the Naungthakaw region, and to his assistants, Messrs.

Peart, Hosking, Fleming and Patterson for their knowledge placed

freely at my disposal and for their hospiiaiity.
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The Lower Canine of an Indian Species of Cono-
HYus. By Guy E- Pilgrim, D.Sc., F.G.S., F.A.S.B.,

AND N. K. N. AlYENGAR, M.A. (With Plate 20.)

The mandible which forms the subject of the present paper was

collected in the early part of 1927 from the Kamlial stage of the

Lower Siwa’iks from a locality J mile NE. of
e prwcn in

. village of Sadrial near Khaur, Attock dis-

trict, Punjab (Lat. 33° 22'
;

Long. 72° 32') by the second author,

who subsequently carefully cleared the teeth from the rock matrix

by which they had been largely obscured.

The beds from which the specimen was obtained are not more

than 5 miles distant from the type area of the Kamlial stage, in fact

they form the southerly dipping limb of a

syncline, the northerly dipping limb of which

forms actually the northern side of the Khaur
dome.^ Lithologically they consist mainly of rather hard sandstones

of a dark brick-red colour, interbedded with hard purple shales con-

taining pseudo-conglomeratic bands of yellow and purple colours.

Beds of this type attain a thickness of about 1,000 feet in this area.

They are overlain by soft, grey sandstones and bright red shales,

the latter forming the major part of the group. These beds are

easily recognized as belonging to the Chinji stage, not only by their

softer sandstones, but also by the fossils of Chinji species which

they contain. The beds which underlie those in which the mandible

was found, equally consist of soft grey sandstones with bright

purple shales ; these are scantily fossiliferous and may be referred

to the Upper Murree stage.

Thus the beds of the Kamlial stage, to which our fossil specimen

belongs, differ from both the overlying Chinjis and the underlying

Upper Murrees by their much harder sandstones, which by reason

of this character and their higher dips, at angles of from 60° to 80°,

form strike ridges with an elevation above their base of from 300 to

400 feet ;
thpse ridges are a striking topographical feature of the

^ Pilgrim, Preliminary note on some reoent Mammal oolleotions from tbe basal beds
of the Siwaliks, Bic, Geol, 8vrv. Ind., XLVUI, p. 08 ; Pinfold, Notes on straoiuro

and stralagraphy in the North-West Punjab. Sec* OsoL Smtvu. Ind*^ XLIX,
p.l5i.
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area and run between Sadrial and Pamra Jagir, a distance of roughly

10 miles south of and parallel to the Ehaire Murat Kidge.

Palaeontological evidence is not wanting that these beds belong

to a distinctly older stage than those of Chinji, approximating in

character both to those of the basal Manchhars

evWcnclIr"**
^ degree to the Gaj beds of

the Bugti Hills and the basal Murrees or Fateh-

jang stage of the Punjab. The following fossils were obtained

either by the second author or by Mr. H. M. Lahiri from the same

beds or from their continuation along the strike :

—

Trilophodon cf. angnstidens. (K. 23. 729.)

DinotJierium indicum.

Dinotherium sp., Pg of a small species. (K. 33, 734.)

Amphicyon sp., mg of about the same size and shape as in A,

shahbaziy but much corroded. (K. 23. 739.)

Hyaenaelurus sp., a large species in a more advanced stage of

evolution than either hngtiensis or H, sulzeri. (K. D. 236.)

(K. 23. 728.)

Anthracotherium sp., a mandible of a large species somewhat

inferior in size to A, hugtiense or A, ingens

^

but with a

much smaller canine and therefore probably belonging to

a female
;
premolars elongate, pg, 40 mm

; pg 45-5 mm.

;

diastema of 10 mm. between the canine and pj, and of

30 mm. between p^ and pg.

Two fragmentary upper molars (K. 23. 736-6) probably

belong to the same species ; they are extraordinarily

bunodont. Diameter across the hinder portion 41-6 mm.
Hemimeryx cf. pusiUus, mg. (K. 23. 730.)

Hemimetyx (?) Uanfordi, fragmentary upper molar. (K. 23. 719.)

Listriodon pentapotamiae.

The mandible now before us (Ind. Mus. B. 773) possesses the

almost complete dentition on the left side, except that the two

front incisors are missing and the greater part

crown of the canine has been broken

away. On the right side mg, p^, the canine and

the incisors have lost their crowns entirely, and some of the other

teeth are damaged. The space between the rami is still filled with

matrix as well as most of the symphysis. The specimen is figured

Plate 20, and its dimensions together with those of the individual
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teeth are given on page 203. The mandible belonged to an

individual considerably past the age of maturity, and all the teeth,

including m3, show pronounced signs of wear.

As will be obvious from the figure, the mandible is that of a

Suoid animal, while the simple conical shape and large size of the

last two premolars enable it to be referred unhesitatingly to the

genus Conohyus Pilgrim, of which the genotype is the species C,

simorrensis (Lartet).^

Three Indian species of Conohyus have been described by Pilgrim

in the memoir quoted above—(1) C, chinjiensis
; (2) C, sindiensis \

(3) G, indicus
;

and Stehlin^ has referred all the European speci-

mens to the single species 6\ simorrensis. Since the general struc-

ture of the teeth of the new specimen is essentially the same as

that of previously described species of Conohyus, it does not seem

necessary to describe them in detail. The differences mainly concern

the relative size of the individual teeth, and these and such other

trifling points, in which it appears to differ from other specimens

will be commented upon in the course of our comparisons with the

specimens in question.

The only specimen of C, chinjiensis which shows both the three

lower molars and the two last lower premolars is the type ramus

(Ind. Mus. B. 537). The present mandible

CoSyuY^ffilensIsT'*''
relative to that of m^ and mg, m3 being very

distinctly shorter in the Kamlial species. P^ closely resembles the

corresponding tooth of C. chinjiensis, though it is very slightly

longer on account of the more prominent posterior cusp. P3 is

very considerably longer in the Kamlial than in the Chinji species,

the difference in length being correlated not only with the longer

posterior cusp but also with the more gradual descent of the anterior

keel from the summit to the base of the teeth.

The type ramus of C, chinjiensis is smaller than the majority of

specimens of Conohyus from the Chinji stage, but since all these,

with one possible exception, agree with it in regard to the relative

length of m3 and pg, it may be assumed that these characters are

constant for the species, and, therefore, will serve as a means of

specific distinction from the new mandible.

^ Pilgrim, The foaail Suidae of India, PaL Ind,, N. S., VoL VllI, Mem. 4 ,

‘Strain, Ueber die Qeeohiohte des Saiden>Qebia8eft, Abh, Schweiz PaL Oea, VoU.
XXVI. XXVII, (1899 1900).
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Unfortunately a comparison with the species C, sindiensis is

difficult owing to the fact that the isolation of the lower molars and
premolars in the case of all the specimens of

Cotnparifofis wltb Conohyus collected from the basal beds of the
Conohyus findiensis. Lower Manchhars of Sind, leaves us in uncer-

tainty not only as to the relative size of pg and
nig in the species but even as to whether the isolated lower molars

are referable to the genus Conohyus at all. Since, however, the

specimens of pg from Sind are invariably longer and those of mg
generally shorter than the corresponding teeth of 6\ chinjiensis

from the Chinji stage of the Punjab, there is a greater likelihood

that the absolute dimensions of these teeth approximately represents

their relative size in the species, rather than that the premolars

belong to large individuals and the molars to small individuals.

If we may legitimately draw this inference from the material, then

the species C, sindiensis and the present mandible differ from C.

chinjiensis in a similar sort of way. A ramus from Sind (Ind.

Mus. K. 19*69), containing mg and the roots of m^, mg and the

posterior root of pg, shows very nearly the same proportions as in

the new mandible.

The size of pg in the new mandible, however, exceeds that of

all the Sind specimens of pg.

The type and other specimens of Conohyus indicus from the

Nagri stage are absolutely larger than the mandible now under con-

sideration. Although Pg of that species is no

CoSjCfndku*. present one, yet it is con-

siderably stouter, and both p4 and m.^ are of

considerably greater dimensions than the corresponding teeth in the

mandible from Sadrial. In fact though C. indicus is much larger

than C. chinjiensis yet in the relative dimensions of the individual

teeth it stands nearer to that species than to C. sindiensis or to the

present mandible.

The various figured specimens of the European Conohyus^ all

referred by Stehlin to the one species C. simorrensis vary consider-

ably in regard to the relative dimensions of

the teeth, but it cannot be regarded as certain

that they ahould not be specifically differen-

tiated. The length of both p, and pj often greatly exceed those

of the same teeth in the Sadrial man^ble although they are of a

slighter build ;
moreover the anterior cusp in p, is much inotf
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elevated above the base of the crown than in any Indian form in-

cluding the present one. On the other hand m, relatively to

and is generally larger than in the Sadrial form.

For comparison with pj and pj we have only European material

and little of this seems to have been figured. The present pj agrees

in size with that figured by HofEmann^, but in

motenoTtteiS^lniSI!'
specimen, the profile of that portion of the

tooth posterior to the main cusp is concave,

instead of grading down along a straight profile to the hinder edge.

Pj exists in a specimen of C. simorrensis figured by Deperet It

is somewhat shorter than P4 but much shorter and with a much
lower crown than pg. The corresponding tooth in the present

specimen is on the other hand rather longer than P4 but as in the

case of the European tooth it is much shorter, lower and slighter

than P3. It does not seem to differ in structure from the European

tooth.

The base of the lower canine is well shown on the left side of

the mandible. Owing to the enamel having perished at the hinder end

of the tooth, the actual outline of the cross-

tlw^fcdmen. section in that region is uncertain, so that the

point at which the two longer sides of the

triangle intersect cannot be precisely fixed. The tooth has, however,

a strongly scrofic cross-section, which does not differ essentially from

the cross-sections of Conohyus simorrensis figured by Stehlin®; An
isolated specimen of the lower canine (Ind. Mus. B. 774) was obtained

by the second author from the same beds. This measures 11 mm.
along the curved edge. It is narrower than the canine of the mandi-

ble and its scrofic character is, therefore, even more strongly

marked.

I3, the only incisor present in the mandible, is much worn, so

that its characters cannot be satisfactorily determined. It is an

elongate, narrow tooth, which appears to have

possessed a high, elongate anterior cusp, and a

very low indefinite posterior cusp
;

the latter

is flanked by a slight cingulum posteriorly. 1 am unable to compare

it with the European Conohyus, as no specimen of that tooth has,

so far .as I am aware, been figured.

The third ittcisor of

the fpedmefi.

^ Fauns von €k>riaoh, PL XVI, 3.

‘ Archives Mue, Hid, NaL Lp^,\6L IV, text fig. 6.

^Stehhn, op. ctL, PL VII, figs. 11, 1?, 13,
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In oonolusion the distinctness of this mandible from Conohyus

chinjiensis is evident. The inferiority in length of suggests that

it is more primitive than the Chinji species,

Conclusiont as to toe which from its stratigraphical position is not
spcctoc position o( the i

specimen. surprising. It resembles much more nearly

Conohyus sindiensis^ though it does not appa-

rently agree exactly with that species but it differs even more
widely from Conohyus simorrensis. In view of the fact that there

is some reason to suppose that the distinctive characters vary

individually to some extent, and considering the probability that the

beds at Sadrial from which the mandible came are of the same

horizon as those of Sind, whence the specimens of Conohyus

sindiensis were obtained, it does not seem advisable to separate it

specifically from the Sind species.

The greatest value of the present find lies in the evidence it

affords that the Indian species of Conohyus possessed a lower

canine which was no less “ scrofic ’’ than
Importance of toe its European congener. Its cross section is

dmlnc. especially striking when it is compared with

that of the lower canines of most other fossil

Indian Suidae of contemporary and later ages ; Up to the Dhok
Pathan stage, believed to correspond to the Pontian, these have

lower canines of a verrucose or at any rate only sub-scrofic type.^

This supplies the final proof, if such were needed, that the European

Coi%ohyus simorrensis is generically the same as the Indian species.

Further importance attaches to the discovery in the bearing it

has on the origin of the curious genus Tetraconodon, The alliance

of that genus to Conohyus, first asserted by
Ito hearing on toe Stehlin, was confirmed by Pilgrim’s later dis-

'^S^n^on.
*”****

coveries. It was, therefore, confidently ex-

pected that the lower canine of Tetraconodon

when found would prove to be of a scrofic type. The recent dis-

covery by Mr. A. E. Day of a mandibular ramus of Tetraconodon

minor, containing the canine,* only partiaUy fulfilled this expecta-

tion. The lower canine was scrofic but much less so than that of

Conohyus simorrensis. Accepting, as Pilgrim did, the hypothesis

that the ‘‘scrofic” type of canine had gradually evolved out of the

» Pilgrim, The FomU Suidae of India, Pal Ind., N, S., VoL VIII, Hem. No. 4, (1926).

* Pilgrim, Hie lower canine of Tetraconodon, Pee. ChoL Smrv. Ind., LX, p. 162,

(1927).
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“ verrucose ” t3^e, it was obvious that the canine of Tetraconodon

must have arisen out of a verrucose or sub-scrofic type, and, there-

fore, Conohyus simorrensis could not have been its ancester. To

explain the anomaly Pilgrim suggested two alternative supposi-

tions :

—

(1) that the Indian species of Conohyus were less progressive

than the European C. simorrensis in respect of the evo-

lution of the canine

;

(2) that Tetraconodon was derived from an older and more

primitive form than any known species of Conohyus.

It cannot be said that the new find entirely disposes of the first

possibility since any one of the other two species of Conohyus might

conceivably have verrucose canines. It, however, renders the second

alternative by far the most likely. In this case Tetraconodon is

probably a migrant from an as yet unknown developmental centre,

where the common ancestor of Conohyus and Tetraconodon alike,

having verrucose canines, was evolved. In support of this may
be urged the fact that no species quite intermediate between

Tetraconodon and Conohyus has as yet been found in India, and

also the existence of another genus in the Dhok Pathan stage.

Sivachoerm. which also has somewhat enlarged pj and pj with a

strongly verrucose lower canine.

EXPLANATION OP PLATE.

Fio. l.-CoMhyus cf. sindimsia (I^d.) Mandible from the Kamlial stage of Sadrial
near ^aur, Attook district, Punjab.(Ind. Mus. B.773) surface view

;

natural size.

Fio, 2.—Inner side, view of the left hand series of teeth in the same mandible

;

natural size.

Fio. 3.-Oross-8oction ol the oanine in the same mandible; natnni size.
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MISCELLANEOUS NOTE^

Leucopyrite from Kodarma.

A specimen forwarded through Dr. C. S. Fox to this department by
Messrs, F. F. Chrestien & Co., Ltd., has been identified as leucopyrite, a
variety of lollingite. The mineral occurred on the schist foot-wall at the
contact between pegmatite and schist at a depth of 150 feet in the above-
mentioned company’s Gamaria mine, in the Khalaktambi division of Kodar-
ma forest

Qualitative tests showed the presence of abundant arsenic and iron

and a little sulphur ; no bismuth, cobalt or nickel could be detected, but
traces of antimony were found.

The specific gravity of material free from quartz and muscovite, which
minerals are associated with the mineral in question, was determined as

7*02 Dana gives the specific gravity of the varieties of lollingite distin-

guished as lollingite and leucopyrite as 7*234 and 7*0—7*2, respectively ;

accordingly, though no chemical analysis is available, the mineral has
been provisionally identified as the variety leucopyrite and registered

under that name as M-978 in the collections of this department.

Leucopyrite has previously been recorded from tie Behar mica belt,

(See Rec, Geol, Surv, Ind., VII, 1, 1874, p. 43, and Mem. GeoL Surv,

Ind., XXXIV, 2, 1902, p 51.)

A. L. CoULSON.

MGIPC—M—Vin-4-8—14-9-28-600.
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The Mineral Production of India during 1927.

By L. L. Fermor, O.B.E., A.R.S.M., D.Sc.,

F.G.S., M. Inst. M.M., Officiating Director, Geological

Survey of India.
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I.—INTRODUCTION.

^~i method of claBsification adopted in the first Review of Mineral

A Production published in these Records (Vol. XXXII, 1906),

although admittedly not entirely satisfactory, is still the best that

be devised under present conditions. As the methods of

[ 207 1 B

can
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collecting the returns become more precise and the machinery

employed for the purpose more efi&cient, the number of minerals

included in Class I—^for which approximately trustworthy annual

returns are available—^increases, and it is hoped that the minerals

of Class Il—for which regularly recurring and full particulars cannot

be procured—^will in time be reduced to a very small number. In

the case of minerals still exploited chiefly by primitive Indian

methods, and thus forming the basis of an industry carried on

by a large number of persons, each working independently and on

a very small scale, the collection of reliable statistics is impossible

;

the total error from year to year is, however, not improbably approxi-

mately constant and the figures obtained may be accepted as a

fairly reliable index to the general trend of the industry. In the

case of gold, the small indigenous alluvial industry contributes such

an insignificant portion to the total outturn that any error from

this source may be regarded as negligible.

The average value of the Indian rupee during the year 1927 was

Is. 6|^d!.
; the highest value reached was Is. 6^(i., and the lowest

Is. The values shown in Table 1 and all following tables of

the present Review are given on the basis of Is. to the rupee

for 1926 and Is, to the rupee for 1927, the latter ratio being

taken for ease of calculation as equivalent to Rs. 13*4 to £1, instead

of Rs. 13*403.

From Table 1 it will be seen that there has been a decrease

of over £2,899,000 or about 11*2 per cent, in the value of the

total production over that of 1926. An increase or decrease in

value does not always correspond to a similar variation in output,

and cannot, therefore, be regarded as an infallible indication of

the state of an industry. It must be understood that the figures

of Table 1 are value figures and that a decrease does not necessarily

mean a reduced output or a decline in the industry. For instance,

in the cases of coal, lead, and silver, production increased substan-

tially and the reduced value figures are due to a drop in the market

price. Practically the whole of the decrease is, however, due to

an enormous fall in the value of the petroleum output, the quantity

of which increased slightly.

The number of mineral concessions granted during the year

amounted to 714 against 768 in the preceding year
; of these two

were exploring licenses, 603 were prospecting licenses and 109 were

mining leases.
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Table 1. Total Value of Minerals for which returns of 'production

are availablefor the 'years 1926 and 1927.

Coal .

Petroleum ,

Manganese-ore (a)

Lead and lead-ore
Gold .

Building materials
Salt .

Silver

Mica (6)

Zinc-ore (6)

.

Tin and tin-ore .

Iron-ore

Copper-ore and matte
Saltpetre- (6)
Chromite .

Tungsten-ore
Hmenite
Jadeite (6) .

Ruby, sapphire and
spinel.

Clays
Magnesite .

Nickel speiss

Antimonial lead «

Zircon
Steatite

Gypsum
Monazite .

Diamonds .

Bauxite
Ochre ,

Amber
Refractory materials
Alum
Fuller’s earth
Asbestos
Antimony-ore
Apatite
Barytes
Corundum ,

Soda .

Biamuth
Borax
Copperas .

Beryl
Serpentine .

Total

(a) Value i.o.b.

1926.

(£1==

Rs. 13-4.)

1927.

(£1=
Rs. 13*4.)

Increase. Decrease.
Variation
per cent.

£
7.674,699

£
7,079,862

£ £
494,747 —6-4

7.305,609 4,421,468 2,884,041 —39*5
2.690.367 2,844,237 igiy +9-6
1,666,687 1,641,096 25,492 —1*6

(c)l,624.238 1,626,913 2,676 +0*2
860,668 914,187 63,629 -f 6*2

836,830 849,266 12,435 4-1-6
663,063 708,846 46,783 4-6*9
820,901 691,341 129,660 —16*8
321,177 622,737 4-62*8
455,362 493,864 4-8*4
349,676 380,736 HHIi + 8-8
362,666 344,299 18,267 —5*0
98,846 113,632 14,786 -M4*9
30,810 66,743 34,933 4-113*4
57,636 42,637 .

,

1*4,998 —26*1
7,687 33,443 26,866 4-340*8

35,091 22,670 1*2,621 —36*6
34,834 20,883 *• 13,961

32,807 19,819 .. 12,988 —39-6
26,444 17,116 9,329 —36*3

.

.

10,073
23,918 9,930 1*3,988 —68*6
2,987 8,129 6,142 + 172*1

11,213 7,816 ,

,

*3*397

(c)6,929 6,702 773
947 3,810 2,863 +302*3

2,131 3,364 1,223 +57-4
2,744 2,107 ’*637 —23*2

(c)2,252 2,051 201 —8*9
1,699 2,028 429 ,

,

+26*8
1,624 2,026 401 .

.

+24*7
3,761 1,728 2,033 —64*6
1,761 1,687 ,

.

74 —4*2
786 1,011 225 , . +28*7
201 784 583 +290*0
804 760 64 —6*7
690 738 48 ,

,

+7*0
342 698 266 ,

,

+74*8
286 33 ,

,

262 —88*4
.

.

10 10 ,

,

2 1 .

.

1 —60*0
2 1 ,

,

1 —60*0
7 ,

,

,

,

7
3 •• •• 3 ••

25,819,36$ 22,919,947 737,124 3,636,642 — 71*2

—2,89MiS

{b) Export valuea. (c) BoTiaedL

b2
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U.—MINERALS OP OROUP L

Antimony.

Antimonial lead is obtained as a bye-product in the lead refinery

at the Namtu smelter of the Burma Corporation Limited. This

product contains approximately 77 per cent, of lead, 21 per cent,

of antimony and 6 to 8 ozs. of silver to the ton, and is exported to

the United States of America for furtherj^treatment. The output

of antimonial lead was 1,067 tons valued at Rs. 3,20,600 (£23,918)

in 1926 and 603 tons valued at Rs. 1,33,066 (£9,930) in 1927,

There is also a small production of antimony-ore in the Amherst

district, Burma, which rose from 108 tons valued at Rs. 2,688

(£201) in 1926 to 600 tons valued at Rs. 10,600 (£784) in 1927.

Chromite.

The production of chromite in India during 1927, showed the

large increase of 23,826 tons to a total of 67,207 tons. For this

increase the Hassan district, Mysore, was chiefly responsible. The

total exports from India during the year amounted, however, only

to 42,953 tons, with resultant accumulation of stocks. Chromite

exported from the ports in British India amounted to 20,996 tons

against 29,614 tons in 1926. Chromite mined in British India is

also exported from the port of Mormugao in Portuguese India

;

the quantities exported during 1926 and 1927 were 10,337 tons

and 21,967 tons respectively. This increased production accom-

panied an increase in the value per ton of chromite produced from

Rs. 12-4 in 1926 to Rs. 15*4 in 1927.

Tabls 2.—Quantity and value of Chromite produced in India during

the years 1926 and 1927,

j

1926. 1927.

Quantity.
Value.

(£l=Ra. 13*4.)
Quantity.

Valiia.

(£l=Rl. 18-4.)

Balmhiatan— Tons. Ra. £ Tons. Ba. £
Zhob .

Bihar and
Oriam—

14,832 2,17,716 16,247 14,634 2,18,014 16,270

Singhbhum .

Mysore State—
1,623 37,028 2,763 2,662 49,431 8,680

Haamn 10,827 97,116 7,248 34,030 4,88,076
1,25,436

86,423

Uysote . 6,100 61,000 4,652 6,091 9,361

Total 33,382 4.12,869 30,810 57,297 8,80,967 66,743
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Coal.

There was a substantial increckse during the year of 1,083,169

tons, or about 6’16 per cent., in the output of coal. This increase

was due chiefly to Bengal, Bihar and Orissa, and to a lesser extent

to Hyderabad, the Central Provinces and Assam, with a trivial

increase in Central India. There was a decrease in the produc-

tion of Rajputana, the Punjab and Baluchistan. The increase

in Bengal was from the Ranigemj field, and in Bihar and Orissa

mostly from the Bokaro, Karanpura and Giridih fields. Bokaro

now produces over 8 per cent, of the Indian product. Giridih

again increased her raisings, the increase amounting to some 36,000

tons, while Karanpura jumped from a production of 123,867 tons

in 1926 to over 262,000 tons in the year under review. Jharia

showed a small proportionate increase of some 210,000 tons, and

the output from Talchir again increased. There was a small initial

production from Hutar. On the other hand, there were decreases

in the output of Jainti, Daltonganj, Rampur and Ramgarh. In

Central India, Sohagpur again failed to continue its former upward

tendency and showed a further decline of some 26,000 tons. In

the Central Provinces there was a substantial increase in the case

of Pench Valley, and a smaller increase in the case of Ballarpm ;

the output of the Pench Valley was the highest yet recorded. For

the increase in Hyderabad, Singareni was responsible, as the Sasti

output fell by some 2,600 tons. All the Tertiary fields of Assam

showed a moderate proportionate increase. In Baluchistan the

Khost field continued its decline and the output dwindled to some

1,700 tons. The output from two of the three districts of the

Punjab declined, whilst that of the third, Shahpur, increased.

The Bikanir field of Rajputana showed a marked decrease in output.

In spite of the considerable increase in production during 1927

the statistical position at the end of the year was healthier than

at the commencement, for stocks in the six provinces, Assam,

Baluchistan, Bengal, Bihar and Orissa, the Central Provinces and

the Punjab, for which such figures are available, showed a total

reduction of 382,876 tons, as is seen from the following data

Year. Opening stook. Closing stock.
. Bednotion dmxDg

year.

Tons. Tons. Tone.
1926 .... 2,660,062 2,161,806 498,266
1927 ... . 2,161,806 1,778,930 382 876
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The reduction in stocks was shared by all provinces except

Assam, which showed a trivial increase from 43 to 125 tons.

The total value of the coal produced in India decreased from

Rs. 10,14,99,634 (£7,574,699) in 1926 to Bs. 9,48,70,013 (£7,079,862)

in 1927.

There was a further reduction in the pit’s mouth value per ton

of coal for India as a whole from Rs. 4-13-4 to Rs. 4-4-9, but in

contrast to the previous year all provinces did not participate in

this fall. In the two great coal provinces Bihar and Orissa and
Bengal, the value dropped by Rs. 0-9-7 and Rs. 0-12-7 respectively.

In the Central Provinces it fell by Rs. 0-13-7
; in Central India the

fall was Rs. 0-2-10, and in the Punjab Rs. 0-2-3. The maximum
fall, Rs. 1-1-1, was again in Baluchistan. These reductions are on

a much smaller scale than those recorded in the two previous Reviews,

and may perhaps indicate that the bottom of the market is being

reached, especially if one correlates this fact with the additional

fact that there has been an increase in output. In addition, three

provinces show an increase, namely, Assam Rs. 4-13-10, Hyderabad
Rs. 0-4-10 and Rajputana Rs. 0-10-7. This large increase in the

value of the Assam coal is misleading, however. It appears that

the value of the output of the Lakhimpur district has been seriously

underestimated in pevious years, revised figures for which have not

yet been obtained.

Table 3.

—

Provincial Production of Coal during the years 1926 and

1927.

Province. 1926. 1927. Increase. Beorease.

Tons. Tons. Tons. Tons.

Assam .... 301.061 323,342 22,281
Balaohistan.... 16,686 14,444 1,142
Bengal .... 6,137,688 6,664,990 417,802
Bihar and Orissa . 13,966,776 14,617,866 662,091
Central India 216,708 217,661 963
Central Provinces . 686,252’ '666,768 [31,606
Hyderabad .... 637,779 707,213 1,69,434
P^jab .... 68,043 62,704 ,

,

5,339
Bajputana .... 31,276 17,368 18,917

Total 20,999,167 22,062,336 1,103,667 20^98
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Tablb 4.

—

Ydlue of Coal produced in India during the years 1926 and
1927.

1026. 1927.

Value (£1- Ba. 18*4.)
Value per

ton.
Value (£1- Be. 18-4.)

Value per
ton.

Be. £ Be. A. p. Be. £ Be. A. P.

Aa«am .... 23,66,774 176,626 7 18 9 41,18,400 806,970 12 11 7

Baluchistan . 1,47,468 11,004 0 7 6 1,21,256 9,040 8 6 4

Bengal .... 2,68,41,822 2,003,121 6 8 7 2,46,64,698 1,889,896 4 7 0

Bihar and Orissa . 6,41,08,087 4,784,182 4 0 6 6,79,61,603 4,826,500 8 16 11

Central India 0,89,465 78,841 4 0 1 0,66,840 71,882 4 6 8

Central ProTlncee . 88,41,762 240,386 6 4 2 20,40,268 219,428 4 6 7

Hyderabad (a) 80,12,803 224,848 4 11 7 85,64,461 265,258 6 0 6

Punjab . 4,06,488 87,047 7 4 0 4,48,701 88,402 7 2 6

Bajputana .
*

. 1,04,980 14.661 0 8 0 1,19,608 8,083 0 14 4

Total 10,14,00,6 H 674,609 6,48,70,018 7,079,862

Average . - •* i 13 4 •• ••

1

4 4 9

(a) Estimated.

Table 6.

—

Origin of Indian Coal raised during 1926 and 1927,

— Average of

last five

years.
L1926. 1927.

Tons. Tons. Tons.

Qondwana Coalfields . 19,893,026 20,583,202 21,664,488

Tertiary Coalfields . . 456,114 416,965 417,848

[Total 2«.349,I39 26,999,167 22,082,336
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Table 6.

—

Output of Gondwana Coalfidds for the years 1926 and 1927.

Coalfields.

19i6. 1927.

Tons.
Per cent,

of Indian
Total.

Tons.
Per cent,

of Indian
Total.

Bengal, Bihar and Oriasa—.... 1,614,918 7-21 1,790,694 8*11

Daltonganj 9,767 <W>6 .

.

• •

Giridih .... 818,681 3*90 865,268 3*87

Hutar .... 709
Jainti .... 82,604 0*39 66,724 0*26

Jharia .... 10,373.736 49*40 10,583,487 47*93

Karanpora 123,867 0*69 262,014 1*19

Rajmah^ Hills . 1,788 0*01 1,488 001
Ri^garh .... 686 .

.

840 . •

Rampnr (Raigarh-Hingir) . 29,272 0*14 26,896 0*12

Kaniganj .... 6,124,884 29*17 6,472,086 29*31

Talollir .... 13,371 0*07 23,816 0*10

Central India—
Sohagpnr.... 108,599 0*52 82,641 0*37

Umaiia .... 108,109 0*51 136,120 0*61

Central Provinces—
Ballarpur.... 142,935 0*68 168,617 0*72

Mobpi^ .... 71,482 0*34 .

.

.

.

Penoh Valley 416,708 1*98 606,913 2*29

Shahpnr .... 423 6 .

.

Yeotmal .... 3,704

”
0*02 2,222 0*01

Hyderabad— i

Saati .... 28,034 0*14 26,477 0*12

Bingareni.... 609,746
j

2*90 681,736 3*09

Total 1 20,5S3.202
1

98-02
. 21,664,488 9S-n

Table 7.—Output of Tertiary Coalfields for the years 1926 and 1927.

1926. 1927.

Per cent. Per cent.

Tons. of Indian Tons. of Indian
Total Total.

Assam—
Khad and Jaintia Hills 666 I 825
Maknm .... 266,189 y 1*43 271,220 y 1*46

Naga Hills

BaluMsUin—
46,317 J 61,297 J

Khost .... 3,646

]
(H>7

1,734

]
0-07

Sor Range, Maoh, Kalat
Pumab—
Jhelum ....

12,041 12,710

46,961 '1 89,645 "I

Mianwali .... 16,644 V 0-33 16,488 y 0-28
Shahpur .... 5,438 / 7,671 J

Rajpuiana—
Bikanir .... 31,276 0-16 17,368 0-08

Total 4IS,W 1-98 417,848 P89
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The export statistics for coal during 1927 show a small decrease

amounting to some 43,000 tons, the total exports of coal and

coke falling from 617,663 to 676,167 tons, 2,610 tons of the latter

being coke {see Table 8). As before, the major portion of

the exports was to Ceylon, which took a largely increased quan-

tity of coal ; substantial and increased quantities of coal were

also sent to the Straits Settlements, the Philippine Islands and

Guam, whilst exports to the westerly markets of Aden, Egypt and
the United Kingdom ceased. This small decrease in total

exports reflects the difference between the loss of the westerly

markets named, which were secured temporarily in 1926 on account

of the coal strike in England, and the continued recovery of

markets in the east. If we exclude these westerly markets from

the comparison, then we find that exports to normal markets

expanded from 216,088 tons in 1925 to 400,008 tons in 1926 and
673,771 tons in 1927.

Table 8.—Exports of Indian Coal and Coke during the years 1926 and

1927.

1926. 1927.

Quantity. Value 0E1=.IU. 18*4). Quantity. Value (£1-«Rs. 18-4).

To—
Aden and Dependen*

dee.

Tons.

59,842

Rs.

7,42,971

f

^

55,446

Tons. Rs. £

Ceylon . 242,685 88,19,680
1

247,788 840,546 r44,78,416 883,837

Egypt 105,711 18,39,840 99,951 .. .

.

.

Philippine Islands and
Gnam.

12,068 1,84,447 10,088 66,062 f4,85,340 36,220

Straits Settlements
(Including Labuan).

117,246 16,15,878 118,126 145,988 16,06,709 119,904

United Kingdom 61,863 6,61,295 41,141 62 rs,020 218

other Qountrles 27,109 8,96,054 22,094 81,240 8,55,626 26,582

Total 616,424 78,00,610 589,628 678,838 69,88,920 616,711

Coke.... 1,189 83,636 2,510 2,384 52,198 8,805

Total Coal and Coke . 617,568

1

r9,S3,84S 692,033 676.107 69, f6, 113 6S0,696

These largely increased normal export figures are, however,

still below those of some earlier years, {e.g., 1,224,758 tons in



216 Reoord$ cfihe Oteiogieei Svrvejf India. [Vol. LXl.

1920) ; but as they ate mainly the lesuH of the fiist two years*

operatioiiB of the Indian Coal Gradiixg Board established for the

purpose of certifying the qilalily of coal ezp^Nfted from the port

of Calcutta, they must be taken as a favourable auguiy for tiie

future prospects of this scheme for the rehabilitation of Indian

coal in foreign markets, especially as the expansion for 1927 is

but very little lower than that for 1926. The following table shows

Idle amounts of difierent grades of coal exported during 1926 and 1927

under this scheme, (including sea-bcnme coal for railways in Sou^-
em India, for which no Grade Shipment Certificates were issued by
the Coal Grading Board), the difierence between the total amoimts

so exported (2,224,173 tons in 1927) and the total exports of Indian

coal to foreign ports given in Table 8 (673,833 tons in 1927) being idle

unount of coal exported to Indian ports.

Table 9.—Experts of Coal under Grading Board Certificates during 1926

and 1927.

— 1926. 1927.

Tons. Tons.

Selected Grade 943,821 1,733,880

Grade I 228,640 373,632

Grade n 28,135 22,068

Grade m 7,822 4,054

Mixed grades 82,622 80,035

Under referenoe 193,361 9,604

Sea-borne coal for railways in S. India for which grade
shipment certificates were not issued*

354,630 ••

Total . 1,838,911 3^224,173

The imports at the same time, following the heavy drop

recorded
,
in

,
the previous Review, rose from 193,908 tons to

243,603 tons, 7,311 tons of the latter consisting of coke (see

Table 10). . This increase is due to a rise in the imports from

South Africa and the United Eongdom, partially set ofi by a fall

in idle imports from Portuguese East Africa. The total imports

ate now onfy’ about half those of the pre-war Quinquennium,
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and the table lOA comparing pre-war imports and ezpcxrts

with the 1927 £gares shows that it is no longer possible to attribute

depression in the Indian coal industry to the compelative effect

of foreign imported coal. The surplus of exports over imports

during 1926 and 1927 was in fact of the same order oi magnitude as

the surplus during the pre-war quinquennium.

Tablb 10.—Imports of Coal and Coke during the years 1926 and 1927,

1

1926. 1927.

Quantity. Value (£1=-Ea. 18*4.) Quantity. Value (£1-Ba. 18-4).

From

—

Tons. Be. £ Tons. Ks.
1

^

Australia 13,323 3,79,666 28,833 11,017 2,94,405 21,971

Portu^uesft Kast Africa 43,044 9,68,466 71,627 29,814 6.74,391
[

50,828

Union of South Africa 84,056 18,03,105 134,560 132.367 28,88,518 215,561

United Kingdom 21,874 6,74,089 42,842 60,209 18,67,207 102,080

Other oountriea 9,087 1,72,860 12,868

1

18,895 2,99,860 22,840

Total 174,784 88,87,676 290,125 236,292 55,23,881 412,280

Ck)ke .... 19,124 6,13,016 45,747 7.811 2,90,262 21,661

Total o! Goal and Coke. 193.603 45,00,690 335,872

1

248.C08 58,14,143 533,891

Tablb lOA.

—

Excess of Exports over Imports of Coal.

Year. Exports. Imports.
Excess of

exports over
imports.

Tons. Tons. Tons.

Average for 1909-1913 . . 814,475 466,162 346,313

1926 .... • 617,663 193,908 423,655

1927 .... • 676,167
i

243,603 332,564

The average number of persons employed in the coalfields during

the year showed an appreciable decrease in spite of the substantial

increase in production. The average output per person employed,

therefore, again showed an advance on the previous year, the figure

of 110'6 tons for 1926 rising to 113*1 tons for 1926 and 122*3 tons in
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1927 ; the figures for the last two years are higher than has previously

been recorded, and indicate a higher average grade of efficiency in the

mines at work than has hitherto been attained. This increased

output per person employed is specially marked in Assam, Bengal,

Bihar and Orissa, the Central Provinces and Hyderabad. There

was, however, a small increase in the number of deaths by acci*

dent ;
these amounted to 196, which is, nevertheless, a consider-

able improvement on the annual average for the quinquennium

1919-23, which was 274 ;
in addition, it relates to production

2J million" tons in excess of the average for 1919-23. The death-

rate was 1*1 per thousand persons employed in 1927 against

0*99 fpr 1926 ;
the average figure fpr the period 1919-23 was

1-36,

Table 11.—Average nurrJb&r of persons employed daily in the Indian

Coalfields during the years 1926 and 1927.

Number of persons

employed daily.

Output
per

penon
employed,
in tons.

Number
of deaths
by acci-

dent.
1926. 1927.

persons
employed.

Assam .... 4,523 4,034
Tons.

80*2 11 2-7

Baluchistan 232 323 44-7 1 3*1

Bengal .... 43,498 44,274 126-6 36 0*8

Bihar and Orissa 112,946 109,196 133*0 122 1*1

Central India . 2,497 3,269 66*8 2 0-6

Central Provinces 8,366 6,663 101*8 7 1*1

Hyderabad 12,184 11,464 61-7 13 1*1

Punjab .... 1,388 1,260 49*8 4 3*2

Bajputana 166 169 102*7 •• ••

Total . 185,749 189,532 •• m ••

Average •• •• m-3 •• VI
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It is of interest to summarize the changes in the coal position

during 1927 as revealed by the foregoing statistics. In spite of an
increased output of over 1 million tons, or 6 per cent., during 1927,

compared with the trivial increase of ^ per cent, during 1926, the fall

in the average pit’s mouth value of coal, as exemplified by the chief

producing province, Bihar and Orissa, was less than in the preceding
year, viz,, from Rs. 4-9-6 to Rs. 3-15-11 against the fall from Rs. 6-11-3

per ton in 1926 to Rs. 4-9-6 in 1926. This decrease in the rate of

fall in price may be correlated with increased exports of Indian coal

to eastern ports during 1927, with increased exports of coal under
Grading Board certificates to foreign and Indian ports, and also with
the fact that a much larger proportion of the coal exported imder
Grading Board certificates consisted of selected grade coal during
1927 than in 1926. Imports increased slightly, but to a smaller

extent than the increase in exports to eastern ports ; the excess of

exports- over imports was on a pre-war scale. The average output
per person employed increased, and deaths by accident were below
the average for the last quinquennial period. There was a reduction
in stocks at the mines during the year, slightly greater than the

excess of exports over imports. These factors, considered together,

suggest that the Indian coal industry is now reaching a position of

relative stability, that production has adjusted itself to demand,
and that the point has been reached at which a further serious fall

in prices is improbable. The data indicate that this position has
been reached by an increasing proportional production from the

seams of higher grade coal by the better organised companies.

Copper.

Work at the Mosaboni Mine of the Indian Copper Corpora-
tion, Ltd., in the Singhbhum district, was practically suspended
during the year 1926, pending the raising of the capital required

for the erection of the necessary concentrating, smelting, refinery

and power plants. Early in 1927 the Anglo-Oriental and General
Investment Trust, Ltd., London, assumed control, a sum of

£360,000 was subscribed and the erection of the new plant com-
menced at once at the company’s new site at Moubhandar, Ghat-
sila, together with an assisted siding from the Bengal-Nagpur Rail-

way main line at Ghatsila, and an aerial ropeway from the mine.

The ore reserves (surface and undergroimd) now amount to
624,639 short tons, with an average assay value of 3*88 per
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cent, oopper lepreeentiiig a copper oontent of 24,232 tcms. The

quantity of ore raised in 1927 was 5,000 tons valued at Bs.

2,00,000 (£14,926). This is in addition to 35,823 tons previously

produced during development.

In addition there is now a regular production of copper matte

at the Namtu smelting plant of the Burma Corporation, Ltd.,

assaying on the average about 41 per cent, of copper, 35 per

cent, of lead and 70 ounces of silver to the ton. The produc-

tion during 1926 was 11,441 tons valued at Bs. 44,78,064

(£334,184) and averaging 41*6 per cent, of copper and during

1927, 11,872 tons valued at Bs. 44,13,205 (£329,344) averaging

40*3 per cent, of copper. The matte is exported to Hamburg
for further treatment.

A small output in 1926 of 4 tons of copper ore valued at

Bs. 160 (£12) and in 1927 of 10 tons valued at Bs. 400 (£30)

was reported from the Nellore district of Madras.

Diamonds.

The production of diamonds in Central India rose from 68*60

carats valued at Bs. 28,559 (£2,131) in 1926 to 112*74 carats

valued at Bs. 44,943 (£3,364) in the year under review.

Qoid.

In 1927 there was an arrest in the secular decUne in the total

Indian gold production. A small decrease of some 1,176 ounces

from Mysore and the cessation of the abnormal production of

gold in Singhbhmn in 1927 was more than coimterbalanced by
an enhanced output from the new lease of the North Anantapur Gold

Mines, Ltd., in the Anantapur district of Madras. Although

this company ceased operation in July 1927, yet the net result was
an increase of 114 ounces in the total gold output of India.

Of the five mines producing gold on the Kolar Gold Field the Cham-
pion Beef smd the Ooregum mines attained vertical depths of 6,610*5'

and 6,483*5' respectively below field datum at the close of the year

1927. There has been a slight drop in the estimated ore reserves mainly

due to restricted development operations, but the deepest points

so far reached indicate that further exploration will pro-

bably permit an increased estimate. Brick and concrete-lined

shafts and winses are coming more and more into prominence.
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as they greatly facilitate the ventilation of the deeper levels.

Rockbursts still continue to give trouble, and experiments are

being made to minimise their effects by substituting a more

rigid form of support instead of the usual timbering and waste

rock filling of the excavations. Systematic building of granite

packwalls in stopes in the Ooregum mine and filling the bottom

of levels with mass concrete in the Champion Reef mine are

being tried to prevent the sagging of the hanging wall, and it

is hoped that the frequency of rockbursts will be reduced by
this new method. The persistence of payable oreshoots in the

deeper levels is a very encouraging feature of this year’s develop-

ment work.

Owing to the great depth of the mines and the high rock

temperatures—117*^ F. in the bottom workings—^the problem of ven-

tilation has been an extremely diificult one. It has been solved to

some extent by sinking deep vertical shafts and by an extensive use

of large electrically driven fans to help the main air currents.

The total number of persons employed in the Kolar mines

is 18,918.

Table 12.

—

Quantity and value of Gold produced in India during the

years 1926 and 1927.

192d. 1027.

I.abour.

Qnantity Value (£1- Es. 18-4).

jP^QI

hihar and Oriism-
Slnghbhain .

OZ8.

1280

Ha.

6,600

£

498

018. £

Burma—
Katha .

Upper Chlnd-
win.

24.2
122-4

1,401
11,127

111
880

11-6
48-2

778
4,160

58
811

8
116

Ka$kmir . 46-7 1,005 140 48-0 2,048 158 128

Madra$

—

(a)

080-0

(«)
882,890-8

Aiumtapnr 63,210 8,972 (a) 2,895-0

881,^728-0

1,87,820 10,248 411

Myiora 2,16,80,632 1,618,629 2,16,54,894 1,615,900 18,018

Punjab 8-8 444 88 42-5 1,645 128 60

UniUd Pro9tnr€9 4-1 275 21 4-8 275 21 16

TotU . 8,jr,84,7W 18844y;r6 2aS,00fi29 i»,eM

(•) Vise gold.
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Iron.

The production of iron-ore in India has been steadily on

the increase; in 1927 there was an increase over the previous

year of 11’3 per cent., amounting to 187,440 tons. The figures

shown against the Mayurbhanj State in Table 13 represent the

production by the Tata Iron and Steel Co,, Ltd., whilst of that

recorded against Singhbhum 607,680 tons were produced by the

Tata Iron and Steel Co., Ltd., from their Noamundi mine, 302,268

tons by the Bengal Iron Co., Ltd., from their Pansira, Ajita

and Maclellan mines, and 191,724 tons by the Indian Iron and

Steel Co., Ltd., from their mines at Qua
;
the remaining 6,476

tons were produced by two other firms. The output of iron-ore

in Burma is by the Burma Corporation, Limited, and is used

as a fiux in lead smelting.

Table 13.

—

Quality and value of Iron-ore produced in India during

the years 1926 and 1927.

1026. 1027.

Quantity. Value (£1-• Ba. 184). Quantity. Value (£1-B8. 18-4).

BiMar and Orissa— Tom. Es. £ Tons. £».

(«)
1,08,976Eeonjhar.... .. .. 86,825 [8,182

Mayurbhanl 1,041,020 31,25,787 233,267 692,187 20,76,411 [164,956

Sambalpur 500 8,080 208 561 8,980 298

SlnghbhuDi 652,070 12,84,022 95,890 1,007,087 25,84,846 189,180

Burma—
Northern Shan States

(a)

48,080 1,92,856 14,855 61,062
(«)

2,44,248 18,228

Central India 1,406 105 280 1,410 105

Central Provinces . 972 8,087 298 018 8,846 287

Mysore .... (&) 16,427 78,278 5,468 48,465 1,28,695 9,604

Total . 1,059^ 46,85M9 \ 349,676 1,846,785 61,01,861 380,735

[a EfttiiBated.

[6) Excludes 1,009 toi» of Immatite quartxite.

The output of iron and steel by the Tata Iron and Steel

Co., Ltd., at Jamshedpur works again showed an increase ; the

production of pig-iron rose from 609,429 tons in 1926 to 624,028

tons in 1927, and of steel (including steel' rails) from 360,980
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tons in 1926 to 414,738 tons in 1927 ; but the production of

ferro-manganese fell from 10,603 tons in 1926 to 6,092 tons in

1927. The production of pig-iron by the Bengal Iron Co., Ltd.,

recovered from the low figures of 62,674 tons in 1926 and 20,060

tons in 1926 to 132,649 tons in 1927 ; their output of products

made from this pig-iron increased, however, from 44,464 tons

of sleepers and chairs and 26,364 tons of pipes and other cast-

ings in 1926 to 61,494 tons and 26,431 tons respectively in 1927. There

was a large increase in the production of pig-iron by the Indian Iron

and Steel Co., Ltd., from 253,431 tons in 1926 to 363,516 tons in 1927.

The Mysore Iron Works commenced producing pig-iron in 1923,

when the quantity manufactured amounted to 9,732 tons ; in the year

imder review the output of pig-iron amounted to 19,858 tons against

19,623 tons in 1926.

The number of indigenous furnaces that were at work in

the Central Provinces during the year 1927 for the purpose of

smelting iron-ore was 6 less than in the previous year
;

95 fur-

naces were operating in the Bilaspur district, 48 in Raipur, 47

in Mandla, 11 in Drug, 3 in Saugor and 1 in Jubbulpore, making
206 in all.

There was a further increase in the production of pig-iron in

India from 902,433 tons in 1926 to 1,140,051 tons, whilst the

quantity exported rose from 309,505 tons in 1926-27 to 393,249

tons in 1927-28. Table 14 will show that Japan was the principal

consumer of Indian pig-iron in 1927-28, nearly 69 per cent, of

the total exports going to that country. There was a very slight

rise in the export value, which was Rs. 45*1 (£3*37) per ton in

1926-27 and Rs. 45*4 (£3*39) in the following year.

The Steel Industry (Protection) Act, 1924—Act No. XIV of

1924—^authorised, to companies employing Indians, bounties, which

were granted upon rails and fishplates wholly manufactured in

British India from material wholly or mainly produced from

Indian iron-ore and complying with specifications approved by
the Railway Board, and upon iron or steel railway wagons a

substantial portion of the component parts of which had been

manufactured in British India. This Act was repealed by the

Act No. Ill of 1927 and consequently the payment of bounties

ceased on the 31st March 1927, but the Industry is protected

to a certain extent by varying tariffs on different classes of im-

ported steel.

O
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Table 14.—Exports of Pig-iron from India during 1926-27 and 1927‘^28.

1

X026-27. 1027-28.

Quantity. Value (£1- Be. 18-4). Quantity. Value (il-Ba. 13-4).

To-
United Kingdom
Germany .

Italy....
China
Japan
United Staten of America
Other oountrl>?a .

Tons.

16450
2,868
858

7,eia
234,520
40,788
6,742

as.

7,20,617
1,20,086
88,607

8,81,206
1,05,71,787
18,83,744
8,20,146

£

54,440
0,683
288

24,724
788,080
186,847
27,156

Tons.

21,060
12,227
2,058
4,000

270,056
06.«64
16,075

as.

0,51,228
5,60,157
1,88,081
2,26,866

1,28,54,021
20,22,187
7,87,860

£

70,087
41,067
0,005

16,817
022,000
218 074
65,026

Total . a08.5]i 1,39,63,283 1,042,036 898,840 1,78,75,134 1,333,965

Jadeite.

The fall in the output of jadeite, which commenced after the year

1922, has now ceased, and the output, which in 1926 amounted to only

1,203*9 cwts. valued at Rs. 2,34,456 (£17,497) increased in 1927 to 2,227

cwta, valued at Rs. 2,39,064 (£17,841). The output figures are liable

to be incomplete, and a more correct idea of the extent of the Burmese

jadeite industry is sometimes obtainable from the export figures. Ex-

ports by sea fell slightly from 2,139 cwts. valued at Rs. 4,70,226

(£36,091) in 1926-27 to 1,961 cwts valued at Rs. 3,02,440 (£22,670).

The shipments were made entirely from Burma. These figures exclude

exports by land across the frontier to foreign countries as the registra-

tion of the Land Frontier Trade of Burma has been discontinued. The

average exports for the past 4 years have amounted to a little less than

half the average figures for the previous three quinquennial periods

(4,660 cwts. annually).

Lead.

Corresponding to an increase in the production of lead-ore at the

Bawdwin mines of Burma, the total amount of metal extracted

increased from 64,330 ‘tons of lead including 1,067 tons of antimonial

lead, valued at Rs. 2,26,94,634 (£1,686,167) in 1926, to 65,967 tons of

lead including 503 tons of antimonial lead, valued at Rs. 2,20,27,742

(£1,643,861) in 1927. The quantity of silver extracted from Bawdwin
ores also increased from 5,103,646 ozs. valued at Rs. 88,49,722 (£660,427)

in 1926 to 6,004,437 ozs. valued at Rs. 94,67,196 (£706,607) in 1927.

The value of both lead and silver fell respectively from Rs. 416*8 (£31*0)

per ton and Rs. 1-11-9 (31 *06^.) per oz. in 1926 to Rs. 333*9 (£24*9) per

ton and Rs. 1-9-3 (28*24d.) per oz, in the year under review.
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Magnesite.

In 1926 the total Indian magnesite production was the highest

yet recorded, namely, 30,461 tons valued at Rs. 3,64,366 (£26^444).

In 1927 the production fell seriously to 19,638 tons valued at

Rs. 2,29,338 (£17,116). The output for 1927 is, however, about the

same as the average for the three years 1921 to 1923.

Table 16 .
—Qua'tvtity and value of Magnesite produced in India during

1926 and 1927.

— 1926.
^

1927.

Quantity. Value (£1--£8. 13*4)

Tons. Es. £ Tons. Be. £
Madnu—

Salem .... 28,676 3,41,925 25,517 16,966 2,02,656 15,124

Mytore State 1,786 12,430

1

927 2,672 26,682 1,991

Total 3 ,461 3,64,365
1

26,444 19,688 2,29,338 17,116

Manganese.

A rise in the output of manganese-ore in India has again to

be recorded, the total for 1926, 1,014,928 tons, valued at £2,690,367

f. 0. b. Indian ports, rising to 1,129,353 tons, valued at £2,844,237 f. o. b.

Indian ports during the year under consideration. The figures for

output in 1926 and 1927 are the highest yet recorded and exceed that

for 1907, when 902,291 tons were raised. It will be noticed that con-

currently with a rise in output there was, also, in contrast to the change

recorded in the previous year, a rise in value, the total value for 1927

being £263,880 greater than that for 1926. In 1924 first-grade ore

c. i. f. United Kingdom ports fetched an average price of 22‘9d. per

unit ; in 1926 this price fell to 21 fid. and in 1926 to 18d. During 1927

the price fell from 19*9d. in January to 16*6d. in September and re-

covered to 17d. in December, the average for the year being again

18d. Consequently the increase in total value is proportionate to the

increase in total quantity. A fall in price was anticipated in view of

the agreement, two or three years ago, be^een an American group

of financiers and the Soviet Government for the development on npiodem
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lines of the manganese-ores of the Caucasus
;
the extent to which mean-

while such developments have actually taken place is not known, but

from 1926 onwards there has been a large increase in the total output

of Russia and Ceorgia, but only to figures that obtained before the war.

DiflS.culties over the carrying out of the concession appear to have been

frequent, and it is now reported that the group in question have decided

to abandon the concession. There appears to be no reason for sup-

posing that this 'will produce any serious effect upon the market for

manganese-ore.

In addition to the four chief manganese-producing areas, India,

Georgia (with Russia), Brazil and the Gold Coast, a further source at

Postmasburg in the northern part of the Cape Province is promising

;

the grade is high and the deposits extensive, the only drawback being

the presence of aluminous compounds.

The increase in the Indian output is shared by all provinces except

the Central Provinces and by almost all districts, the only decreases

being in Gangpur State in Bihar and Orissa and the Bhandara and

Balaghat districts in the Central Provinces and the Bellary district

in Madras. In the case of the output from Bihar and Orissa subs-

tantial increases occurred in Keonjhar and Singhbhum. In the Bombay
Presidency the Panch Mahals showed a large increase to nearly 79,000

tons, the highest figure hitherto recorded. Chota Udaipur and

Belgaum show small increases, whilst the initial productioji recorded

from North Kanara in 1926 was doubled. After a break of several

years Jhabua State in Central India had resumed production in 1924

;

it shows a third substantial increase amounting to 2,641 tons in the year

under review. The most important Indian manganese area, namely,

the Central Provinces, shows however, a decrease of some 17,500 tons

in 1927 as contrasted with an increase of over 139,000 tons in 1926,

the decreases in Balaghat and Bhandara being only partly balanced

by the increase in the Nagpur district. In Madras the output

of Sandur State increased by over 60,000 tons to 138,196 tons, the

previous highest production being 97,091 tons in 1907. There is also

a substantial increase in Vizagapatam and a small decrease in Bellary.

Mysore shows a small total increase in output shared by the three

producing districts.

The exports of manganese-ore, which fell in 1926 by 126,300 tons,

mcreased in 1927 by 230,000 tons to 843,821 tons, as shown in Table 18,

The highest export recorded was 862,777 tons in 1922. There is

steady consumption of manganese-ore at t}ie works pf the three prin-
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cipal Indian iron and steel companies, not only for use in the
steel furnaces of the Tata Iron and Steel Company, and the manufac-
ture of ferro-manganese ,

but also for addition to the blast-furnace

charge in the manufacture of pig-iron. The consumption of manganese-
ore by the industry in 1927 was 39,066 tons, some 2,000 tons less than
in the previous year.

Table 17.

—

Quantity and value of Manganese-ore produced in India

during 1926 and 1927.

1926. 1927.

Quantity.
Value f.o.b.

at Indian
ports.

Quantity.
Value f.o.b.

at Indian
IHjrts.

Tons. £ Tons. £
Bihar and Orisaa—
Oangpur State , 10,379 26,866 7,960 20,928
Keonjhar State . 23,810 47,322 61,116 103,721
Singhbham 2,473 6,399 9,970 26,213

Bombay—
Chhota Udaipur 10,000 26,600 11,729 30,398
Belgaum .... 4,290 10,100 4,616 11,871
North Katiara . 2,000 6,176 4,006 10,630
Panch Mahals . 67,326 148,328 78,802 207,184

Central India—
Jhabna State 7,969 16,901 10,610 22,728

Central Provinces—
Balaghat .... 336,679 921,386 313,666 871,424
Bhandara 162,868 418,449 130,211 •361,878
Chhindwara 42,242 116,637 47,264 131,366
iTubbuIpore 100 274 181 6();j

Nagpur .... 229,686 628,492 262,637 702,120
Madras—

Bellary .... 8,863 14,064 6,004 9,782
Sandur State 77,327

i
122,767 138,196

1

226,144
Vizagapatam 21,698 37,339 31,992 66,386

Mysore State—
Chftaldrug 1,699 2,646 4,021 6,819
Shimoga .... 23,032 38,099 23,668 40,120
Tumkur .... 2,808 4,645 3,027 6,133

Total 1,014,928 2,590^57 1129.868 2,844,237

Table 19 shows the distribution of the manganese-ore estported

from British Indian ports (excluding the Portuguese port of Monnugao)
during 1926 and 1927, from which it will be seen that the amount
absorbed by the United Kingdom in 1927 was^nearly three times what
it was in 1926, and that the United Kingdom has Tecovered her posi-
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tion as the chief importer of Indian mangaiiesc-ore. The quantity

exported to Belgium fell by 11,500 tons, but even so this country is

not far behind Britain. France maintained her previous figure
;
small

declines in the cases of Holland and Italy were amply balanced by a

large increase on the part of the United States and smaller increases

by Germany and Japan.

Table 18.

—

Exports of Manganese-ore during 1926 and 1927 according

to Ports of Shipment,

Port. 1026.

1

1927.

Tons. Tons.

Bombay 222,371 249,360
Calcutta ..... , 291,746 418,173
Madras ..... 9.800 13.910
Mormugao (Portgueee India)* 89,620 162,378

Total • 618,536 843.821

* In ckdditiou 2,376 tons of manganoso-orc produced in Portuguese India were exported.

Tablk 19.

—

Exports of Manganese-ore from British Indian Ports during

the years 1926 and 1927.

1926. 1927.

Quantity. Value (£1— Rs. 13-4). Quantity \ alue (£1 = Rs. 13-4).

Tons. Rs. £ Tons. Rs. £

To—

United Kingdom 74,760 10,80,609 155,262 211,401 56,09,751 411,176

Germany . 6,346 1,48A00 11,104 12,805 2,99,967 22,386

Netherlands 14,800 4,25,125 31,726 12,600 3,62,000 26,209

Belgium 185,974 51,25,666 382,512 174,485 60,33,543 375,637

France 161,906 42,60,342 817,936 161,100 41,84,919 312,307

Italy.... 9,600 4,00,398 29,880 6,160 1,85,250 13,825

Japan 8,290 2,31,854 17,303 15,502 3,44,481 25,708

United States ol Amrlca 67,250 20,16,500 150,411 97,600 27,22,502 203 171

Other countries . 5,000 75,000 5,697 1,000 84,250 2,656

Total 1 ,
47^3,194 1 ,101,731 681.448 1 ,86 ,06,663 1 ,393,035
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Mica.

There was a small increase in the declared production of mica from
41,924 cwts. valued at Rs. 22,19,367 (£166,624) in 1926 to 42,614 cwts.

valued at Rs. 24,52,055 (£182,989) in 1927. As has been frequently

pointed out, the output figures are incomplete, and a more accurate

idea of the size of the industry is to be obtained from the export figures.

It will be seen from table 21 that in both the years 1926 and 1927 the
quantity exported was roughly double the reported production. The
United States of America and the United Kingdom, which are

the principal importers of Indian mica, absorbed 62 per cent, and 35
per cent, respectively of the total quantity exported during 1926 and
23*7 per cent, and 49*4 per cent, respectively during 1927. During
this latter year Germany took 14*2 per cent, of the quantity exported.

The average value of the mica exported fell slightly from Rs. 122 (£9*1)

per cwt. in 1926 to Rs. 119*6 (£8*9) per cwt. in 1927.

The difference between exports and production is generally attri-

buted to theft from the mines and early in 1928 a bill was introduced
into the Legislative Council of Bihar and Orissa, the purpose of which
was to attempt to reduce the losses on this account by licensing miners
and dealers. The bill was, however, rejected.

Table 20.—Qvantity and value of Mica 'produced in India during the

years 1926 and 1927.

(Quantity. Value (£1 = 118. 18*4). Quautlty. Value (£1 -Rb. 18*J)

Bengal—
Bankuia •

Bihttr and Oriaa^
Ouya
Haiailbagh
Honah^ .

Sambalpur
Qwthor

Afttiffl#—

-

Nellore
migiiia .

Raiputanor-^

Ajmer>Kerwara
J lour
Bbahpura .

Cwta. Ea,

1,782 1^1,865
26,789 13 ,46,876

748 I 89,808
500

10,548

11,271 5 ,98,582 44,667
818 45,152 8,869

538 46,868

Cwte. Ka.

1,513 1 ,08,926
29,419 16 ,07,216

9M6 5 ,98,874 44,281
281 89,612 2,956

49,752 8,718
400 80

16,868 1,258

42,614 24,62,055 182,980
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Tablb 21.—Quantity and value of Mica exported from India during

the years 1926 and 1927.

1986. 1987.

Qnantlty. Value (£1- Es. 13-4). Quantity. Value (£1-Bs. 18-4).

To—
Cwts. Se. £ Cwts. Be. £

United Kingdom 81,018 44,18,886 880,804 88,898 48,00,289 820,913

Qenuany .... 4,084 8,97,105 89,035 11,014 8,69,478 64,887

Fnnoe .... 1,840 8,68,880 80,182 3,876 8,71,846 27,705

United States o| America . 47,038 61,94.855 887.631 18,410 80,73.548 289,860

Other oonntries 4,967 7,25,801 64,110 5,800 6,49,461 48.407

Total

1

89.947 I,10fi0fi77\ 820,901 77,488 92,63.972 691,341

Monazite.

The monazite industry of Travancore, which was almost dead in

the year 1925, when the reported production was 1 cwt. only, showed
signs of revival in 1926, the output amounting to 64’2 tons valued at

£947. This revival continued in 1927, when the output increased to

280 tons valued at £3,810. The decline of the industry is of course

due to the supplanting of incandescent mantles for gas lighting by elec-

tricity. It is hoped that ilmenite collected with the monazite and

hitherto regarded as a bye-product may be the means of reviving the

whole industry. Titania forms a valuable white paint superior to white

lead in being non-poisonous and in possessing twice the covering power.

Nickel.

As a bye-product in the smelting operations of the Burma Corpora-

tion, Limited, at Namtu, in the Northern Shan States, there is now
a regular production of nickel speiss, which is exported to Hamburg
for further treatment. Figures of production have not been received.

The first sales, which occurred during 1927, were of 814 tons averaging

?4 |>er cent, of nickel and valued at 1,34,978 (£10,073). Such speis^
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contains, in addition, some 10 per cent, of copper and 30 ozs. of silver

to the ton.

Petroleum.

The world’s production of petroleum in 1926 amounted to a little

over 161J million tons, of which India contributed 0*79 per cent.

In 1927 the world’s production jumped to some 171 million gallons,

of which the Indian proportion on a practically stationary produc-

tion fell to 0’72 per cent. India is now eleventh on the list of petro-

leum producing countries, having been overtaken during 1927 by

Columbia and Argentina, In the previous Review attention was

drawn to the effect on prices of the greatly increased production of the

United States and of the expansion in the output of light petroleum

distillates obtained by cracking and from casing-head sources. In 1927

prices fell still lower in India at the same time as large supplies of

kerosine from Gleorgia and Russia made fcheir appearance on the

Indian market.

As remarked before, petroleum statistics prove that it is becom-

ing more and more difficult to maintain the output of India (includ-

ing Burma) at the high levels it reached in 1919 and 1921, when peak

productions of well over 305J million gallons were reached. During

the year under consideration, the total production amounted to a

little over 281 million gallons against less than 280J million gallons

in 1926 and a little over 289J miUion gallons in 1925. Although,

therefore, this year there has not been an actual decrease, this

can only be regarded as an arrest in the decline that has set

in, and which, with possible interruptions, is likely to continue

slowly and steadily during the present generation, unless a new field

of importance is discovered. The changes of the latter recede

year by year as exhaustive geological research continues to prove

fruitless. A conservative policy rather than one of intensive develop-

ment seems indicated, especially in view of the national importance

of this mineral asset. In contrast with the almost stationary figure

of output in 1926 and 1927, the value of the oil produced fell enor-

mously from over 7 milhons sterling in 1926 to less than millons

sterling in 1927.

As before, the Yenangyaung field of Upper Burma shows a decided

decrease in output. In 1924 it succeeded in showing an increase of

nearly 6J million gallons, but this temporary arrest in the decline

WAs^ more than balanced by the drop in 1925 of over 21^ million
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gallons
; in 1926 the drop amounted to 14^ million gallons ; and in

1927 to 8^ million gallons. It is interesting to note that the produc-

tion in Yenangyaung still includes oil derived from the old Burmese

hand-dug wells.

It is now seldom that a new well strikes a yield of over 100 barrels

per initial 24 hours. The utilization of the shallow oil-sands of this

field, which were shut off during the competitive rush for the richer

deep sands, continues
;

many remunerative wells are now beix^

worked from two shallow zones, one at about 360 feet and the other

at about 650 feet, and the production from shallow wells during 1927

ii mounted, in fact, to nearly 14 per cent, of the total production from

the field. In spite of the fact that the fall in the yield of these wells

is unexpectedly gradual, the effect in delaying the decline of the field

may be looked upon as but temporary. The average daily yield of

these shallow wells is about 2 barrels. The electrification of the field,

which reached its limit of practicability in 1924, has added and is

adding an appreciable contribution to the production figure, owing to

the saving of a considerable quantity of crude oil formerly used as

fuel beneath rig boilers.

Of the companies operating in this small field the Bunnah Oil

Company produce about four-fifths of the total output. Of undrilled

portions of the Yenangyaung field the northern areas are showing more

promise than the southern. There is now good reason to believe

that as the depth increases, the crest of the anticline recedes more

and more to the east
;

this means that the producing limits of oil

pools will be found further and further eastwards as greater depths

are attained. Deep test wells are being put down to prove this.

The place of Yenangyaung is being steadily taken by the Singu

field, which will soon usurp the premier position so far held by the

older field. Singu, the greater part of which is in the hands of the

Burmah Oil Company, is used to make good the deficiencies of

Yenangyaung, in order to maintain supplies to the refinery. In

1927 Singu produced nearly 3 million gallons more than it did in 1926,

but this was not enough to counterbalance the decrease in the older

field. Many wells are producing from the 3,000-foot sand and initial

yields of 600 barrels and over are not uncommon. Progress in the

electrification of the Singu field has been made by the completion

of the transmission line from Yenangyaung.

Yenangyat field has now reduced itself to the status of the Upper

Chindwin field and is out-classed by Minbu. Some deep tests are
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now being sunk in this field in the hope of reviving production. A
scheme by which the sandbank stretching southwards from the

wells at Lanywa into the river Irrawaddy is to be protected by

a revetted embankment is being carried out and has enabhd a

number of wells to be drilled by the Indo-Burma Petroleum Company
on the sand-bank. Strictly speaking, the area belongs to the Singu

dome area, but for convenience of administration it will be looked

upon officially as part of the Yenangyat field.

Of the other Burma fields Thayetmyo shows a small recovery

instead of a decline, as also does the Upper Chindwin. The increase

in Upper Chindwin took place in spite of serious interference with

operations due to phenomenal floods. The production from Minbu
increased by 666,630 gallons, while the Arakan fields maintain their

usual small output.

In Assam in the Surma valley the Badarpur field again showed a

decrease in output by over I million gallons. This decrease is due

to partial exhaustion of the proved sands and also to less drilling.

There was a small initial production from Masimpur, also in the

Surma valley. In Upper Assam, on the other hand, the Digboi field

showed an increase in production, amounting to nearly If million

gallons. Extensions to the refinery have been put in hand, and
when these are complete, a large increase in output from this field may
be anticipated. The results of the prospecting operations of the Assam
Oil Company at Dhekiajuli, Dilli and Burragolai have been very

disappointing, and although oil was obtained in the Burragolai well,

the quantity was not sufficient to be of commercial value.

In the Punjab the production was more satisfactory than for some
years, for the output from the Biaur field rose by nearly million

gallons during 1927.

There was a marked rise in the imports of kerosene due to small

increases in supplies from the United States, the Straits Settlements

(including Labuan), and Borneo, reinforced by 12J million gallons

from Georgia and Russia, from which the imports in 1926 were nil.

The quantity of fuel oil imported into India during 1926 was, as

Table 24 will show, nearly 6 million gallons more than that received

during the previous year, the total imports readiing 100 million

gallons. Over three-quarters of the supply was derived from Persia,

and the greater part of the rest from Borneo.

The export of paraffin wax increased to the extent of some 7,000

tor^ during 1927 {see Table 2^).
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Tablb 22.—Quantity and value of Petroleum produced in India during

the years 1926 and 1927.

1026.
1

1027.

—
Quantity. Value (£1-Be. 18 4). Quantity. Value (£1-°B«. 18*4).

Qals. Ks. £ Gals. Ba. £

A9Htm—
Badupur 8,210A38 6,77,068 60,627 1,012,503 4,08,087 87,284

Dlgboi . . 20,887,607 86,68,314 266,202 22,604,187 88,50,866 288,050

Muimpur .
•• 26,485 6,648 406

Burma—
Akyab 6,881 2,101 164 6,627 1,048 145

Kyaukpyu . 18,103 16,046 1,100 15,462 16,687 1,171

Minbn 4,583,420 10,16,207 76,760 6,100,050 11,10,406 82,866

Blngn . 06,746,604 3,50.04,664 2,679,446 08,601,487 2,00,71,080 1,565,069

Thayetmyo . 074,620 2,18,274 16,280 000,500
'

2,12,894 15,850

Upper Chindwln . 1,266,840 04,188 7,020 1,825,120 1,86,884 10,215

Yenangyat . 1,778,041 8,80,865 26,868 1,844,046 8.84,350 28,685

Yenangyaiing 146,781,612 6,46,00,640 4,067,204 187,322,012 2,08,81,716 2,102,665

Pttnfab—
Attock. 6,280,820 16,67,680 116,287 10,667,600 26,66,000 100,022

Total . 80.869.326 9,78,93,827 7,305,609 281,118.900 6,92,47,675 4,421,468

Table 23 —Imports of Kerosene Oil into India during the years 1926

and 1927.

1026.
1

1027.—
Quantity. Value (£1- Be. 13*4). Quantity. Value (£1- Be. 18-4).

Gale. Be.
1

£ Gals. Be.
1

£

From—

Borneo 6,201,070 86,66,880 278,611 7,784,888 40,11,612 200,867

Georgia .

.

.. 10,248,088 50,88,067 446,871

Buaeia .

.

.. .. 2,820,808 16,74,180 124,080

Btralte Bettlemente
(Including Labuan).

8,726,487 22,27,811 166,254 5,204,460 23,06,617 172,061

Sumatra 015,071 6,87,814 47,508 18,000 18,888 005

United States of
America.

58,825,020 8,08,84,616 2,085,412 60,260,875 4,04,81,504 8,021,015

Other oountlree 51,820 46,401 8,468 2,287,500 0,70,082 78,120

Thtal 8S,8U.MS 3,426M9 88,158.627 5MMM9
1

4,M,377
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Table 24.—Imports of Fuel Oils into India during the years 1926 and

:
1927.

1020. 1027.

1

1

((Uantitr.

1

Value (£1— llB. 18*4).
1

1

Quantity,
j

Value (£1» Bn. 13*4).

From— Gain. Bn. £ Gain. Bn. £

PersU . 00,844,118 1,40,50,401 1,048,687 77,872,980 1,68,09,778 1,179,834

Btraitfl SettlemenU
(Including Labu-
an).

1,525,067 4,27,245 31,884 8,616,580 11,09,027 82,703

Borneo 23,507,002 61,80,911 467,531 10,316,240 46,71,030 341,107

Other coun tries . 125,001 23,005 1,724 2,480,777 6,85,744

1

61,175

fatal C4,fi92»078 2,06,31,662 1,539,676

1

100,286,536 2,21.76,180 1,664,939

Table 26.—Exports of Paraffin Wax from India during the years 1926

and 1927.

1026. 1927.

Quantity. Value (£1-Be. 13-4). Quantity. Value (£1- 11 B. 18-4).

To-
Tons. Be. £ Tons. Be. £

United Kingdom 16,147 76,40,616 570,106 14,898 67,48,807 503,042

Belgium 4,810 21,88,560 168,325 6,783 20.76,485 199,738

Netherlands 2,645 11,02,418 88,086 8,587 10,11,264 120,243

China. 2,942 16,80,280 118,604 2,897 13,01,856 103,870

Union of South Africa . 8,074 18,08,696 104,880 2,840 10,79,881 80,588

Portugueae Bast Africa 8,782 16,00,422 126,828 4,668 26,08,859 201,370

United States of Ameri-
ca.

786 8,67,176 26,665 2,880 10,83,850 80,884

Austraiia . 1,127 5,18,476 88,810 867 8,04,628 29,450

Now Zealand 241 1,09,655 8,188 464 2,11,674 16,780

Other countries . 6^120 28,45,052 175,004 10,466 47,84,010 367,016

Mai 40,628 1 ,90 ,34,347 1,420,474 47.700 2 ,26,80,704 1
,692,689

Ruby, Sapphire and Spinel.

A severe decline in the output from the Mogok ruby mines of

Upper Burma in 1924, followed in 1925. by. a marked drop in value,
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bore wituess to a serious decline in the industry. The Burma
Ruby Mines, Limited, ultimately decided to go into liquidation and

the mines were offered for sale in September, 1926. The skeleton

organisation left in c;hargc of the. mines has, however, made good

use of its opportunities, with the result that the value of the output

in 1926 exceeded that of the previous year by over a lakh of rupees.

This encouraging result was effected by rigorous economy and an

extension of a system of co-operation with local miners, and was

assisted by some good finds of sapphires in the Kyaungdwin mine

(the only one still worked by European methods).

During 1927, however, production fell in value l)y over lakhs

of rupees, due mainly to a decrease in the value of th(‘ sapphires (and

spinels) produced, Ihere being a slight inc.reasci in the vdue of the

rubies won.

There was a n^ported })rodu<*tion in Kashmir of l‘G ewfs. in

192G and 11 cwts. in 1927 of “ corimdum with 8aj)phire patches”.

The value was not stated.

Table 26 .—Quantity and value of Ruby, Sapphire and Spinel produced

in India during the years 1926 and 1927,

1920. 1927.

Quantity. Value (£1»R8. 18-4). Quantity. Value (£1-=B8. 18-4).

Carate. Be. £ Carats. Ra. £

(«) 1,07,988
(Eubiee).

8,059 (fl) 1,18,000
(Eubiee).

8,800

Burma . . .
• (a) 8,41,760

(SapphiieB).
25,504 (a) 1,61,600

(Sapphlias).
12,062

• (a) 17,034
(Spinels).

1,271 (fl) 334
(Spinels).

26

Total 4,66,772 34,834 2 ,
79,834 20,883

(a) Quantity not reported.

Salt.

There was a small decrease in the total output of salt amounting

to 26,804 tons, all provinces and states contributing to this decrease

except Madras, which showed an increase of 61,266 tons, Gwalior

with a small increase, and Kashmir with a stationary output of 1 ton

!
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Table 27.—Quantity and value of Salt produced in India during the

years 1926 and 1927.

— 1926. 1927.

Quantity. Value (£1-Be. 18*4). Quantity. Value (£!•-Be. 18-4).

Tons, Be. £ Tom. Be. £

Aden .... 194,624 9,85,581 69,815 181,757 8,74,489 65,260

Bombay and Sind . 478,127 25,88,686 189,081 432,993 28,12,426 172,569

Burma.... 24,409 5,60,891 41,820 19,918 5,52,196 41309

Gwalior (a) . 176 9,267 692 485 28,862 1,748

Kashmir 1 56 4 1 56 4

Madras. 481,826 4231,289 819,496 548,081 47,68,741 856,508

Northern India 464,686 28,93,850 215,922 483,765 28,58,885 212,977

Totil 1,683,749 1,12,13,619 836,830 1,13,80,166 849355

(a) Flguns relate to official years 1926-27 and 1927-28.

The total output of rock-salt increased by 24,077 tons.

Table 28 .—Quantity cmd value of Rock-salt produced in India during

the years 1926 and 1927.

1926. 1927.

Quantity. Value (£1--B8. 18-4). Quantity. Value (£1- Be. 18-4).

Tons. Be. £ Tons. Bs. £

Sidt Eange 122,895 6,26,760 46,778 145,760 8,46,720 68,118

K<diat .... 19,224 62,188 4,687 21,161 68325 5,098

Hand! .... 4,552 1,02,649 7,658 8387 92,112 6,874

Total 146,671 7,91,U7 69jm 170,748 10,06,967 76,079

There was a considerable increase, amounting to 121,898 tons, in

the imports of salt, for which the United Kingdom, Spain, Egypt

and Italian East Africa were chiefly responsible. The receipts from

Grermany also increased, while imports from Aden showed a small

decrease.
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Table 29.

—

Imports of Salt into India during the yec^s 1926 a/nd 1927,

1026. 1027.

j

Quantity. Valne (£1-Rs. 18*4). Quantity. Valne <£1— Bs. 18-4).

Tons. Bs. £ Tons. Rs. £

From

—

United Kingdom 52,741 11,76,868 87,789 88,523 27,56,487 206,708

Oenntny . 44,607 10,60,450 70,810 65,020 16,78,487 124,883

Bpftin 51,656 0,07,048 74,406 89,328 25.68.002 101,886

Aden and Dependencies 187,420 86,20,761 270.878 182,606 54,40,888 406,083

Egypt 122,232 24,90,868 185,885 148,873 42,48,501 816,686

lUlian Bast Africa 48,926 7,00,833 1 60,017 63,062 17,86,872 120,617

Other countries . 18,817 2,83,448 21,158 16,185 4,38,786 82,745

Total 615,7£8 1
,04,

$

7,770
j

778,938 687,606 2
,88 ,63,913 1 ,407,008

Saltpetre.

Although statistics of production of saltpetre in India are no
longer available, the export figures may be accepted as a fairly

reliable index to the general state of the industry. Excepting a
few hundreds of tons required for internal consumption as fertilizer,

almost the whole of the output is exported to foreign countries.

The quantity exported in 1927 amounted to 123,018 cwts. valued at

Rs. 15,22,666 (£113,632) against 98,830 cwt. valued at Rs. 13,24,540

(£98,846) in 1926.

A certain amount of nitrate of potash is used for agricultural

purposes on the tea gardens of India. During the War when it was
impossible to obtain supplies of imported potash the amount of

locally produced nitrate utilized in this way reached an appreciable

figure. The practice continued and the quantities estimated to

have been absorbed for fertilising purposes on tea gardens in 1923,

1924, 1925 and 1926 were 1,000, 1,100, 800 and 700 tons respectively.

In 1927 this figure is estimated to have been 500 tons. The decrease
during the last three years is due to the fact that it is found cheaper
to employ a mixture of imported sulphate of ammonia and muriate
of potash.^

^ From Infoxmatlon Idadly nippUed by Metsn. Sbaw, allaoe «ad Co.
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Table 30.—DistribtUion of Saltpetre exported from India during the

years 1926 and 1927.

lOM. 1087.

Quantity. Value (£1- Be. 18*4). Quantity. Yahie (fil-Be. 18*4).

Owts. Ba. £ Cwts. Bt. £

To—

United Kingdom 1^.088 1,80,044 18,488 18,820 1,64,074 11,406

Oeykm . ^ 81,080 7,16,462 68,467 86,410 0,42,8^7 70,848

Stnlta BetUemente
(indodlng Laboan).

6,587 06,888 7,226 8,868 67,648 4,206

Hongkong . 11,281 2,80,440 17,860 2,060 02,800 6,888

Manrlthu and Depen-
denotes.

1,048 81,598 2,868 18,870 2,12,007 16,889

Other coontrles . 8,088 ' 60,178 4,400 8,612 68,170 4,714

Ibtal 08,8t0 13^4^40 98,846 128,018 16,22,666 113,632

Silver.

The production of silver from the Bawdwin mines of Upper
Burma, increased from 6,103,646 ozs. valued at Rs. 88,49,722

(£660,427) in 1926 to 6,004,437 ozs. valued at Rs. 94,67,196 (£706,507)

in 1927. The output of silver obtained as a bye-product from the

Eolar gold mines of Mysore decreased to the extent of 2,163 ozs.

Table 31.

—

Quantity and value of Silver produced in India during the

years 1926 and 1927.

1026. 1027.

Quantity. Value (£1- Be. 18-4). Quantity. Value (£1« Bs. 18*4).

httrma—
|

‘ Korthern Shan States .

oz.

6,103,646

j

Be.

88,49,722

£

660,427

oz.

6,004,437

Be.

04,67,106

£

706,607

Mairat^
Anantapor .

I

60 04 7 140 126 0

JUptort
Kolar 22,888 86,222 2,620 20,220 81,220 2,880

Total 6,128,088 88,86,038 663,063 «iOK«oe 94,98,641 708,846
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Tin.

In contrast to the considerable increase recorded in the previous

Review there was a small decrease in the production of tin-ore in

Burma from 3,648 tons valued at Rs. 61,01,868 (£466,362) in 1926

to 3,496 tons valued at Rs. 66,17,773 (£493,864) in 1927. This

decrease was due to decreases in the output of Tavoy and the South-

ern Shan States partly balanced by a further considerable increase

in the output of Mergui. Dredging and hydraulicking for tin-ore

are on the increase in both the Tavoy and Mergui districts and

resultant increases in the output of both districts may be antici-

pated. The output of mixed cassiterite-wolfram concentrates from

the Mawchi mines in the Southern Shan States was 1,466 tons. The
composition of these concentrates is usually 43 i)er cent, wolfram

to 67 per cent, cassiterite, so that for the purpose of this review 836

tons have been assumed to be cassiterite and the remainder wolfram.

There is no recorded output of block tin.

Imports of unwrought tin increased from 51,103 cwts. valued at

Rs. 94,72,967 (£706,937) in 1926 to 60,629 cwts. valued at Rs.

1,16,72,362 (£871,071) in 1927 ; 98 per cent, of these imports came
from the Straits Settlements. Wrought tin to the extent of 441

cwts. valued at Rs. 57,769 (£4,310) was also imported into India

during the year under review.

Table 32.

—

Quantity and value of Tin-ore produced in India during

the years 1926 and 1927.

1926. 1927.

Quantity. Value (£1 -Bs. 13 4). Quantity. ! Value (£1- Bs. 18-4).

Sumo

—

Tons. Bs. £ Tons. Ba. £

Mergal 703 12,86,622 06,009 1,163 26,04,760 194,886

Southern Shan States . 072 (a) 16,71,840 124,764 886 (a) 15,82,548 118,101

Taroy 1,S61 81,22,496 233,022 1,480 24,15,465 180,250

Tbaton 12 21,000 1,667 7 16,000 1,119

ToUl t,M8 61,01,858 455,362 8,485 66,77,773 493,864

D 2
(a) Estimated.
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Table 33.—Imports of unmoughi Tin {blocks, ingots, bars and slabs)

into India during the years 1926 and 1927.

1926. 1927.

Quantity. Value (£1 = Rs. 13*4). Quantity.
1

Value (£1- Es. 18‘4).

Cwt. Its. £ Cwt. llH. €

From—

United Klnsdoni 1,480 2,79,824 20,882 871 1,79,418 13,889

Straits Settlements (in-

vludiug Lttbuan).
40,157 00,96,026 678,853 50,234 1,14,15,558 851,007

Otlier countries . 466 00,607 7,202 424 77,876 6,776

Total 5L108 9 i,72,957 706,937 0r,629 1,16,72,352 871,071

Tungsten.

During 1927 the output of wolfram decreased by some 324 tons

to 1,160 tons, the decrease being shared by the three producing

areas. Figures of export of wolfram from Burma are published

annually, but from internal evidence it seems likely that they include

the mixed tin-tungsten concentrates of the Southern Shan States ;

they are, therefore, not repeated here.

Table 34.

—

Qua^itity and value of Tungsten-ore produced in India

during the years 1926 and 1927.

1920. 1927.

Quantity. Value (£1 - Rs. 13'4). Quantity.

^

Value (£1 - Re. 18-4).

Tons. lU. £ Tons. Rs. £

Buraia—

0 5,618 419 8 4,070 304

Southern Shan States . 783 (0)8,58,999 26,791 630 («) 3,09,830 28,084

Tavoy 742 4,06,347 80,326 2,66,603 19,140

Itotal m 7,70,964 67,635M 6,70,003
j

42,637

(a) Estimated.
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Zinc.

The production of zinc concentrates by the Burma Corporation,

Ltd., in the Northern Shan States amoimted to 68,286 tons valued

at 73,19,468 ^£646,229) in 1927 against 48,834 tons valued at

Rs. 63,24,491 (£471,977) in 1926. The exports during the year

under review amounted to 67,135 tons valued at Rs. 70,06,618

(£622,737) against 43,056 tons valued at Rs. 43,03,775 (£321,177)

in the preceding year.
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Amber.

Aebeitof.

UK—MINERALS OP GROUP 11.

The output, during the year under review, of alum in the Mian-

wali district, Punjab, amounted to 1,419 cwts.

valued at Rs. 23,160 (£1,728) against 2,647

cwts. valued at Rs. 60,400 (£3,761) in 1926.

The production of amber in the Myitk3dna district, Burma,

rose from 39*6 cwts. valued at Rs. 21,420

(£1,699) in 1926 to 70*6 cwts. valued at Rs.

27,180 (£2,028) in 1927.

There was a further decrease in the production of apatite in

the Singhbhum district, Bihar and Orissa,

which amounted to 603 tons valued at Rs.

10,046 (£760) against 718 tons valued at Rs. 10,770 (£804) in 1926.

Of the total production of 67*7 tons of asbestos, valued at Rs.

13,654 (£1,011), 40 tons were produced in the

Seraikela State of Bihar and Orissa, 22 tons in

the Ouddapah district, Madras, and 6*7 tons in Ajmer-Merwara,

Rajputana.

The output of barytes fell from 2,311 tons valued at Rs. 9,244

(£690) in 1926 to 1,719 tons valued at Rs.

9,890 (£738) in 1927. Of this 861 tons were

produced from the Kumool district of Madras and 868 tons from

the Alwar State of Rajputana.

There was again a small decrease in the total production of

bauxite, which fell from 4,966 tons valued at

Rs. 36,768 (£2,744) in 1926 to 4,310 tons

valued at Rs. 28,240 (£2,107) in 1927. Of this 3,345 tons were

produced in tb.e Kaira district of Bombay and 965 tons in Jubbul-

pore district of the Central Provinces.

No output of beryl was reported during the

year under review.

Daring 1927, 48 lbs. of native bismuth valued at Rs. 128 (£10)

were produced in the Tavoy district. The
only previous recorded production of this me-

tal was of 0*71 owt. valued at Rs. 240 (£17) from the same district

in 1924.

Borax is produced from the Puga valley in the Tiadakh tahsil

of Kashmir State. The production in 1927

was 3*6 cwts. valued at Rs. 20 (£1*6^,

Barytei.

Bauxite.

Beryl

Bfunuth.

Borax*
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The total estimated value of building materials and road-metal

BuUdliif materialt
^ year under consideration was

and road-metal Rs. 1,22,60,103 (£914,187). Certain returns
supplied in cubic feet have been converted

into toj^ on the basis of certain assumed relations between volume
and weight. The total production of 3,249,378 tons of limestone
and kankar includes the production of 59,679 tons of dolomite pro*
duced in the Gangpur State, Bihar and Orissa, mainly for use as
flux in the iron and steel industry. This decreased production of
dolomite in Gangpur compared with 1926 (135,424 tons) is due to
the progressive replacement by limestone as a flux in the iron and
steel industry.
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Table 36.—Production of Building Materials and

Qkanits and
QnnibA.

Latbeob. LuB.
LlldIBfONB AMD

KANXAB.

Quantity.

c
s
0
or

6
0

1

Quantity.
6
a

> 1

’

1

Tons. Be. Tong. Bn. Tons Be. Tons. Be.

Amm • • 4,616 17,240 17,478 29,986 •• 69,476 1,18,629

Balnohlstan • •• •• •• 2 180

Bengal 134,125 1,66,163 ..

(^0

Bthar and Orlasa 866,861 4,18,447 1,835 603 1,026,663 21,18,764

Bombay . • •• 1,400 8,800 ••

Burma 622,766 12,29,978 262,035 4,01,633 824,042 6,75,862

Central India • •• 17,467 2,00,305 128,577 96,024

Central Provlnoea •• •• •• 474,348 6,97,160

Gwalior • • •• •• •• •• ••

Kaebmlr • •• 132 4,460 •• ••

Madras . 16,066 8,981 94,386 82,684 18,618 13,668

Mysore •• 720 9,000 2,047 36,186 3,399 6,170

N.-W, P. Province •• •• 2,078 1,969

Punjab . •• •• •• 464,660 6,96,016

BAjputana •• •• •• •• ••
!

•• (6) 192,807 2,45,986

TTnlted Provinces (o) 669,804 7,24,685

Total •

(a) IndudM 69,679 tons of dolomite.
(b) Jnoludat AO toQg of dolomite.
(o) looldde 648»128 tom of kankw deed lor metelllng loedi.
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Road-metal in India dnurvng 1(J27.

SlirDBTONl. 8LATB. TRAP. MtSOELLANBOirB.

Total value
(£1-B8. 18-4).

Quantity.

1 !
Quantity.

Value

Quantity »

>

Quantity.

i

Tong. Bs. Tong. Ba. Tons. Bs. Tong. Bik Cons. B«. Bs. £

•• •• .. 46,084 2,25,642 3,86,896 28,886

•• •• •• •• •• 180 18

•• •• •• •• •• •• 1,65,158 12,826

18,688 20,752 1,629 36,466 3,822 5,028 312,503 3,45,668 29,40,618 210,4401HI 11,000 26,950 1,61,274 1,086,068 7,50,947 0,85,521 60,815

110,817 1,45,807 •• 674,546 6,11,657 29,64,027 221,263

3,714 80,200 •• •• 3,26,629 2i,368

538 732 49,730 41,156 7,39,038 55,152

13,824 43,870 43,870 8,274

•• 93 340 18,054 22,030 26,820 2,002

140,067 1,38,896 2,44,229 18,226

•• 16 1,400 •• 11,846 45,646 97,401 7,269

1,969 146

*’ 5,005 1,28,827 68,932 73,228 7,02,071 69,110

6,635 1,85,264 168,260 5,20,806

1

230 950^ 38,160 60,176 9,53,271 71,139

28,808 28,654 568

j

1

7,486 463,301 8,71,296 16,32,120 121,800

6,0f 1^5,204 8,01,9li 7,Wl| 1,70,408 ^0,781 1,00,802 1,22,50,108 914,187
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There was a decrease in the recorded production of clay, which

fell from 192,838 tons valued at Rs. 4,39,620

(£32,807) in 1926 to 129,177 tons valued at

Rs. 2,65,672 (£19,819) in 1927.

Table 36 .—Production of Clays in India daring 1927.

—
1927.

Quantity. Value (£1== Rb. 13-4).

Tons, Rs. £

Bengal . 23,866 43,049 8,213

Bihar and OriMa . 16,372 1,18,194 8,820

Burma . 23,379 36,301 2,709

Central India 489 3,176 237

Central Provinces . 62,446 31,776 2,371

Delhi . 4,300 4,767 366

Gwalior 600 4,124 308

Kashmir 919 1,000 76

Madras . 1,094 434 32

Mysore . 6,003 21,168 1,680

Eajxmtana 709 1,686 118

Total J 129,177 2,66,672 19,819

The production of sulphate of iron in Ladakh, TCftshmir State,

herM.
® cwba. valued at Rs. 27 (£2) in

copperas.
^^26 to 8 cwts. valued at Rs. 16 (£1) in 1927.

The total production of corundum amounted to 66 tons valued

Corondiutt.
'

(£698). Of this 13 tons were

produced from the Bhandara district in the

Oentoal Ftovinces and 62 tons from the Sal^ district in

^See also under “Rubjr, Sapphire & Spinel”).



Past 3.] Febmob : Mineral Production, 1927. 249

The reported production of fuller’s earth fell from 3,466 tons

Fuller’s Earlli
^ 2,718 tons in 1927. Mysore is

chiefly responsible for the decreased figure,

but its returns are not always trustworthy owing to the illiteracy

of the workers. Bikanir showed a considerable increase and Jodhpur
a small decrease.

Table 37.—Production, of Fuller’s Earth in India during the years

1926 and 1927.

1

1926. 1027.

Quantity. Value (£1 Rs. 13-4.) Quantity. Value (£1 — Rs. 13-4).

Tona. Rs. £ Tons. Rs. £

Central Provinm—
Jubbulpore .. 35 173

Mysore 1,479 3,759 281 214 539 40

Rajputana—

Bikanir 918 5,511 411 1,469 0,335 696

JaiBhlmer . 21 320 24 23 345 26

•Todhinir 1,038 14,005 1,045 077 12,222 012

Totia 8,466 23,601 1,761 8,718

i

22,614 1,687

There was a slight increase in the output of gypsum from 34,473

OyMum.
valued at Rs. 79,447 (£6,929) in 1926

to 38,105 tons valued at Rs. 89,809 (£(>,702)

in 1927. The effect of gypsum in small quantities upon crops—

a

common application is 2 maunds to the acre—is said to be remark-
able, and its usefulness to the monsoon crops of South Bihar has
been experimentally demonstrated.' The Department of Agricul-

ture, Bihar and Orissa, is importing annually for this purpose gypsum
from Jamsar in Bikanir. This experimental work may, therefore,

ultimately result in a demand from agricultural districts for gyp-
sum.

* p. ClouBto^ Review of Agrksnltnral O^wratioins in Injia, 1924-25, p. 5^.
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Table Production of Gypsum in India dujring the years 1926 and
1927.

1920. 1 1927.

Quantity. Value (£1- Es. 13-4). Quantity. Ynlue (£!•• Hs. 13-4).

Tons. as. £ Tons. as. £

Ka$kmir 121 677 51 - •• •

Punjab—

JhcluiD 1,387 S,00B 226 4,112 7,066 627

Rajputana—

Bikanli 24,892 56,937

1

4,174 23,887 54,091 4,104

Jaisaliner . . 128 825 01 150 1,003 75

Jodhpur 8,000 19,000 1,418 10,000 26,750 1,096

Total

I

34,478 79,447 5,929
1

88,105 89,809 6,702

There was a very large increase in the production of ilmenite

in the Travancore State, which amounted to
Ilmenlte.

£33,443 in 1927 against

4,236*3 tons valued at £7,687 in 1926. This mineral is collected

with the monazite sands and, up to a few years ago, was looked

upon as a bye-product of the monazite industry. The increasing

demand for the titania in the ilmenite is causing a resuscitation of

the monazite industry, which had been adversely affected by the

increased use of electricity for lighting purposes. (See p. 231).

There was a large increase in the production of ochre, which
amounted to 8,472 tons valued at Rs. 27,477

^£2,061) agamst 1,872 tons valued at Rs.

30,177 ^£2,252) in 1926. This u»a*aee ia chiefly due to an output

of 704 tons from the Jubbulpore district. Central Provinces, and
of 697 tons from the Banda district. United Provinces, from both

of which there was no production in the previous year.
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Table 39.

—

Production of Ochre in India during the years 1926 and

1927.

1020. 1927.

Quantity. Value (£1- Rs. 18-4). Quantity. Value (£1 13-4).

Bihar and Oriasa
Tons.

70
Rs.
11,000

£
824

Tons. Rs. £

Central India (a) 806 (a) 6,301 471 760 2,822 211

Central Provlncea . 7r> 1,500 112 1,020 9,533 711

Gwalior 323 6,037 518 316 4,16£ 811

Madras.... 276 8,750 280 350 4,750 354

Rajputana 314 620 47 823 721 54

United Provinces . •• 097 5,489 410

Total 1.S72 30,177 2,232 ? 472 27,477 2,051

(a) Revised.

Besides the production of 65 tons of corundum (see p. 248)

^ . . there was an output entirely from Sinehbhum
Refractory Materials. . iocix t ^ -a. ^ j i.T> oioK

of 425 tons of quartzite valued at Ks. 2,125

(£159) and of 4,425 tons of kyanite valued at Rs. 25,009 (£1,866), of

which 3,665 tons were produced from the Lapso Hill mines in Khar-

sawan State. The total production of quartzite and kyanite amounted

to 4,850 tons valued at Rs. 27,134 (£2,025) against 1,976 tons in 1926

valued at Rs. 21,755 (£1,624).

No production of serpentine in the Skardu tahsil, Kashmir

Serpentine. State, was recorded during the year.

The production of soda in the Ladakh tahsil, Kashmir, fell from

20 tons valued at Rs. 733 (£55) in 1926 to

11 tons valued at Rs. 400 (£30) in 1927. Salt,

consisting for the greater part of sodium carbonate, sodium bicar-

bonate and sodium chloride, is obtained by evaporation from the

waters of the Lonar lake in the Buldana district of the Central

Provinces. It is known under the general name of trona or urao,

for which there is no suitable equivalent in English. The total

amount of trona extracted in 1926 was 100 tons, the value of which

was estimated at Rs. 3,000 (£224), but in 1927 there was no produc-

tion, as the company working the concession has gone into liquida-

tion. There was also a production of P8 tons of crude soda {raai)

valued at Rs. 49 (£3) in Datia State, Central India.

Soda.
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During 1927 there was a great fall in the total Indian output

Steatlfe.
steatite due mainly to large decreases in

the reported production of Singhbhum in Bihar

and Orissa and Jaipur State in Bajputana.

Table 40.—Production of Steatite in India during the years 1926 and

1927.

Bihar and OrUia—
MayurbhanJ

Seralkela .

Santhal Parganas

Singhbhum

Burma—

Pakokku HUl Tracts.

Central India—

Bijawar

Central Vrovinces—

Biiandarn .

Jubbulpore

Madras—
Kurnool

Xellore

Salem

Mysore .

Bajputana—

Jaipur

United Provinces—

llamirpiir .

Jhansl

Total

Quantity. Value (£!« K*. 13-4). Quantity.

Tons. B.S. £ Tons.

660 6,900 616 670

11-0 600 46 19-4

1100

2,6480 20,712 2,220 271-0

17-0 6,808 433

208 0 1,972 147 202-0

,

,

250-0

800-0 16,430 1,227 870-0

30 210 16

650 2,411 180 87-0

480-0 12,549 936 796-0

80-6 243 18 68-0

6,074-0 64,200 4,791 2,206-0

78-0 8,686 648 8-0

54-0 500 37 100-0

9.678*5 1,SO,260 11,21S 6.058*4

Concurrently with large increases in the output of monazite

Zircon
ilmenite (page 260) in Travan-

core State in 1927, there was a large increase

in the production of zircon in the same State, from 632 tons valued

at £2,987 in 1926 to 1,465 tons valued at £8,129 in 1927.
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IV.—MINERAL CONCESSIONS ORANTED.

Table 41.—Statement of Mineral Concessions granted during the year 1927.

AJMER-MERWARA.

Dlitriet. Grftntee. Mineral.

Nature
of

grant.

Area in acres.

Date of

commencc-
mint.

Term.

Ajmer (1) Mr. B. P. ThomM,
Mining Engineer.

Mica . P.L.
(renewal).

8-2 12th May
1927.

1 year.

Do. (2) Meitti. Abdnl Gani
& Co., Naalrabad.

Do. P.L, 0-8 24th Jnne
1927.

Do.

Do. (8) Meesn. Radha
Klihen Eanahayalal,
Nasirabad.

Do. . P. L. 1-8 2nd July
1927.

Do.

Do. (4) Md. Sarfru AH.
Ajmer.

Do. . • • P. L.
(renewal).

2-0 5th August
1927.

Do.

Do. (6) Mr. DhlraJIal Pnra-
shaiam, Naalrabad.

Do. . P. L.

(renewal).

13 8th August
1927.

Da

Do." (6) Do. Do. . P. L.
(renewal).

1-5 Do. Do.

Do. (7) Mr. L. Chhaganlal,
Naalrabad.

Do. . • P.L. 21 24th August
1927.

Do.

Da (8) Mr. NaaarwanJI
D. Contractor,

Kalaarganj.

Mica and beryl P.L. 1-8 8td Septem-
ber 1927.

Do.

Do. (9) M’esara. Abdul
Gbani & Co.,

Naalrabad.

Mica . P. L. 2-2 12th Septem-
ber 1927.

Do.

Do. (10) Meaara. Kadha
Kiahen Eanahayalal
A Co., Naalrabad.

Do. . P.L. 10
1

20tfa Septem-
ber 1927.

1

Do.

Do. (11) Mr. L. Chhaganlal,
Nasirabad.

Do. . P. L.

(renewal).

17-2 28rd Septem-
ber 1927.

Do.

Da (1^ Mr. L. Prem Sukh
Mthl, Nasirabad.

Do. . P.L.
.

j

1-9 26th Septem-
ber 1927.

Do.

Do.

Da

(18) Mr. DhlraJIal

Puniahatam, Naalra-

bad.

(14) Do. .

Do. .

Do. .

P.L.
(renewal).

P.L.

81

0-4

80th Septem-
ber 1927.

29th Septem-
ber 1927.

Do.

Do.

Da (16) Da . Do. . P.L. 2>4 11th October
1927.

Da

Do. (16) Mr. J. E. Sonejl

& Co., Ajmer.
Da .

1

M. L. Ealera Bogla
Eatate.

8rd February
1927.

7 years.

Do. (17) Mr. L. Chhaganlal
gau, Naalrabad.

Do. . M.L. Para Estato

.

27th August
. 1927.

3 years.

Bcawat (18) The BaJputana
Mineral Ca, Ltd.,

Ajmer.

Graphite P.L.
(renewal).

7-3 24th August
1027.

1 year.

Do. (10) Do. • M1<A .

1

P.L.
(renewal).

04 Do. Do.

P. lAmm*
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AJMER'MEiRWARA—coMfcl.

District. Grantee. Mineral.
Nature

of

grant.

Area in acrc^.

Date of
comnience-

1U( ut.

Term.

Deawar (20) The Bajputana
Silneral Co., Ltd.,
Ajmer.

Mic* . P.L.
(renewal).

7^ 24tb August
1927.

1 year.

Do. (21) Da . Da . P.L.
(renewal).

7-0 Do. Do.

Do. (2^ Mr. L. CMag&nlal
wu.

Do. . P.L. 8-5 Do. Da

Do. (28) Mr. L. Prem 8ukh
Rathi, Naslrabod.

Da . P.L. 2-2 19th Septem-
ber m7.

Do.

ASSAM.

Cachar (2^ Messrs. The
Burma Oil Co., Ltd.

Mineral oil P. L. 4,947-2 26th Septem-
ber 1926.

2 years.

Do. « (26) Da . Do. . P. L. 1,088-0 8rd Decem-
ber 1926.

Do.

Xhasi and
J a 1 n tia

HUts.

(26) MeesiB. D. D.
Hukherjee and G. 0.
Mans.

Corundum and
SllUmanlte.

M.L. 1,920-0 Ist April 1927 80 years.

Lakhimpor (27) Meaws. The
Assam Oil Company,
Ltd.

Iflneral oil P.L.
(renewal).

6,120-0 80th March
1927.

1 year.

Do. (28) Da . Do. . P.L.
(renewal).

4,480-0 7th April

1927.

I'D.

Do. (29) Da . Do. P. L.

(renewal).

4,160-0 20th April

1927.
Do.

Do. (30) Da . Do. P. L,
(renewal).

8,968-0 12th May
1927.

Do.

Do. (81) Da . Do. P.L.
(renewal).

868-0 28rd AprU
1927.

Da

Nowgong . (831) Messrs. The
Whitehall Petroleum
(knrporatlon, Ltd.

C'mde petroleum
and its associa-

ted Hydro-
carbon.

P.L.
(renewal).

1,920-0 20th March
1927.

Da

Do. (88) Da . Do, P. L.
(renewal).

1,844-0 Do. Do.

Do. (84) Do. . Do. P.L.
(renewal).

1,844-0 9tb April
1927.

Do.

S a d i y a
Front 1 e r

Tract.

(35) Messrs. The
Assam Oil Co., Ltd.

Mln^l oil P.L. 2,240-0 19th Decem-
ber 1927.

Do.

Sibeagar . (86) Da . Oil and coal P.L.
(renewal).

1,440-0 6th June
1927.

Da

Do. (m Mesan. The
Burma Oil C!ompany,
Ltd.

Do. . P. L.
(renewal).

6,400-0 9th June
1927.

Do.

Do. (88) Do. . on and its aaao-

dated Hydro-
curbon.

P.L.
(renewal).

8,488-0 26th ApiU
1927.

2 yean.

r.li.~Pntr4aiMi IL L.-jrMw Imm.
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BALUCHISTAN.

Diitrlot Qrantee. Area in acres.

Date 0/
commence-
ment

Ibrm.

Kaiat (80) Messn. The
Burma OU Co., Ltd.

Mineral oil . P. L.
(renewal).

3,200 1st Septem-
ber 1027.

1 year.

Quetta-
PishiiL

(40) Hlan kohamed
Ismail 01 Quetta.

Coal and coal dust M. L. 80 10th Norem-
berl927.

SO years.

Sibi . (4^ Ifessra. The
Banna Oil Oo., Ltd.

Mineral dl . B. L
I

261,120 2l8t October
1927.

1 year.

Zhob . (42) The Baluohistan
Chrome Co., Ltd.,
Hlndubagh.

Chrome M. L. 10 10th October
1927.

SO Tears.

Da (48) Do. . Do. . . M.L. 1 10 Do. Do.

Do. (44) Do. . Do. M.L. ^ 10 Do. Do.

Do. (45) Do. . Do. . . M. L. 10 Do. Do.

Do. (46) Do. . Do. M. L. aO . Do. Do.

BENGAL.

(47) Messn. The Mineral oil , P. L.
Burma OU Co., Ltd. (renewal).

BIHAR AND ORISSA.

Santal Par- (48) Babu Bluodo Coal . M, L. 1-90 1st April 1927 2 years.
ganas. fieharl De.

Do. (49) Banslram Mar- Do. . M. L. 8-00 Do. Do.
wart.

Do. (60) Do. Do. . M. L. 500 Da Do

Do. (61) Bhudhar Chandra
Da

Do. . M. L. 6-00 Do. Do

Do. (62) B.amrMrh Das Do. . M.L. 216 Do. Do
Marwarl.

Do. (68) Banalram Mar- Do. . M.L. 1*00 Da Da
wart.

Da (64) Do. Do. . M. L. 6-00 Do. Do

Do. (66) Gangaram
warL

Mar- Do. . M.L. 1*82 Da Do.

Do. (66) Banslram Mar- Do. . M. L. O-SS Da Do.
wart

Do. (67) Do. . Do. . M.L. 6^)4 Da Do.

Do. (6^Bhudhar Chandra Do. . H. L. 8-94 Da Do

Do. (69) Da Do. .
M. L. 1-00 Do. Do

P. Ih-^Pro^ineting lieente. M. L.^^Mining IJtm.

JL L.--S3q[d0Kl]« lifitnM.
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BIHAR AND OmSA-contd.

District. Grantee. Mineral.

Nature
of

grant.

Area 4b acres.

Date of

oommencsr
roent.

Term.

fisntal Par-
ganal

<00^ Blnode Behad Coal . • M. Ii. 216 1st April 1927 2 years.

BiDghbhum (61) Satya Chaian
Mnkherjl.

Chromite . • M.L. 296-00 26th June
1927.

20 years.

Do.
,

(62) Monis. Yisaoii
U: 'arsee A Co.

Iron ore
Manganese.

and P. L. 184-70 1st March
1027.

1 year.

Do. (63) Dwarkadas Agar-
walla.

Manganese

.

• P. L. 848-00 ath May
1027.

Da

Do. . (64) Do. . Do. • P. L. 880-65 2l8t May
1027.

Do.

Do. (65) Arjun Ladha Do. • M. L. 188-24 18th July
1027.

10 years.

Do. (66) Messrs. Laljl

.ihina & Sons.
Don ore M. L. 88-20 80th August

1027.
Do.

Do. Mita LaU^gaiwU . Maigaiviise

Iron ore.

and P. L. l,«12-80
'

20th Decem-
ber 1927.

1 year.

Do. (68) Do. . Do. . P. L. 117-66

1

18th Decem-
ber 1027.

Do.

BOMBAY.

Belgaum (60) Messrs. Dalchand
Bahadur Bing.

Bauxite P. L.
(renewal).

1,625 14tb July
1926.

8 ye irs.

Do. (70) Mr. A, N. Peston
Jamas.

Do. P.L.
(renewal).

1,073 24th March
1926.

1 year.

Kanara (71) Bapura a h e b
Narayan Tilve.

Manganese . M. L. 10-8 27th Septem-
ber 1927.

25 years.

Do. (72) Mr. T. B. Kan-
therla.

Do. M. L. 264 6th May
1027.

10 years.

Do. (78) Mr. K. Bam-
Chandra.

Do. ML.

i

1,564 Do. Do.

Do. (74) Mr. E, H.
Bushton.

Do. 684 10th August
1027.

1 year.

Do. (76) The EAnara
Mining Syndicate.

Do. 604 1st Norem-
her 1027.

Do.

Do. (76) Do. . Do. BB 1,212 Do.
1

Do.

BURMA.

Akyab (77) Messrs. The Burma
OUOo.,Ltd.

Natural petroleum ^

(includl^ natural
gas)

P.L. 0,408 0th May
1027.

2 yean.

Do. (78) Me ssrs. The Indo-
Burma Petroleum
Co., Ltd.

Do. P.L. 1,177-6 22nd April
1026.

Do.

F. IL Uaa.
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BUBMA-contd.

Dittdot. Qnuitee. Mineral.

Nature
of

grant.
Area in acres.

Date of

commence*
ment.

TeriBi

Aky*b <7^ Hence. The
Burme OU Co., Ltd.

Katoral petioleum
(including natural

P. L. 688>6 19th July
1917.

2 years.

Do. (S^ HesRi..Tbe Indo-
Borme Petroleum
Oo.,Lt<L

gas.)

Do. P. L. 5,440 15th Deoem*
her 1916.

Do.

Do. (81) Meein. The
Banna Oil Co., Ltd.

Do.

1

P. L. 4,051-S 19th October
1917.

Do.

Do. <8t) Mg. 8ein Ban . Do. P.L. 16-6 13rd Novem*
ber 1917.

Do.

Do. (8» Mesers. The Indo-
Borma Petroleiim
Co., Ld.

Do. P.L.
(renewal).

4,800 19th January
1917.

1 year.

Do. (84) Messrs. The
Burma Oil Go., Ltd.

Do. P.L.
(renewal).

1,180 2Dd Novem-
ber 1917.

Do.

Amherst (86) Mr. A. C. Martin All minerals
except natural

petroleum.

P.L. 1,180 10th January
1927.

Do.

Do. (88) Messrs. Talalng
Tin Ltd.

Do. P.L. 1,180 6th January
1927.

Do.

Do. (87) Mr. L. G. Cotte . Do. P.L. 960 9tb May
1927.

Do.

Do. (88) Saw Eu Hoke . Do. P.L. 1,910 8rd May
1927.

Da

Do. (89) BIr. A. 0. Jecwu Do. P.L. 1,880

1

23rd Juno
1927.

Do.

Do. (90) Mr. D. A. David Do. P.L. 1,280 t9tb Septem-
ber 1927.

Do.

Do. (01) Messrs. Ahmed
Moosa Motiwala A
Sons.

Do. P.L. 1,110 13rd Decem-
ber 1917.

Do.

Do. (92) Messrs. Hosain
Hamadaneo and
another.

Tin ore M. L. 1,008 16tb March
1927.

10 yeap>.

ho. (03) Messrs. Balthasar
& Sons

Oil shale P. L.
(renewal).

5,760 26tb Feb-
ruary 1927.

•81st
March
1917.

Do. (94) Dr. M. Sliawloo . Do. P. L.
(renewal).

7,040 Ist February
1927.

*80th
April
1917.

Do. (96) Saw Loin Ix^o . Antimony . P.L.
(renewal).

let April 1927 •80th
June
1027,

Do. (96) Do. Do. P.L.
(renewal).

1,286'2 Do. Da’

Do. (97) Messrs. Balthazar
& Sons.

Oil shale . P.L.
(renewal).

5,760 Do. 1 year.

Do. (08) Mr. A. C. Martin All minerals
except oil.

P.L.
(renewal).

1,180 21st July
19r.

Do.

Do. (99) Mr. D. A. David Do. P.L.
(renewal).

1,180 30th July
1917.

Do

P, L.’mPmptetifig Lkum, M. L4«»irifiiNf Imm.
• The period of UieUotiiMt bit raining liMM.
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BURMA— contd.

Nature Date of

Term.Diftrlot Grantee. ^Mlnerak ; of Area In acres. commence-
grant. ment.

Amherst ilOO) Mr. A. 0. Martin All rainer.ils P.L. 640 18th October Unto 8lst
Marchcxeept oil. (renewal). 1987.
1988.

Do. (101) Dr. K. 8. Eanga Do. P.L. 550‘4 6th December 1 year.

(renowal). 102 r.

Lower (101) Mesars. The Natural petroleum
(Including na-

P.L. 1,600 i8nd Beptem- 8 years.

Ohlndwln. lndo*Barma Petro* berl986.
lenm Oo., Ltd. tural gas).

Do. (108) Do. . Do. P. L. 6,708>4 84th Septem-
ber 1983.

1 year.

Do. (104) Me«ia. The Do. P.L. 8t0 5th August 8 years.

Burma Oil Oo., Ltd. 1987.

Do. (105) Mesari. The Do. P. L. 885-6 30th July Do.
Indo-Borma Fetio-
lenm Oo., Ltd.

1987.

Do. (106) Do. Do. P. L. 5,760 6th July 1 year.

(renewal). 1987.

Do. (107) Messrs. The Do. P. L. 8,560 13th Novem- Do.
Burma Oil Oo., Ltd. (renewal). ber 1926.

Do. (108) Do. Do. P. L. 640 84th January Do.

(renewal). 1987.

Do. (109) Lawrence Daw- Do. P. L. 1,196-8 6th February Do.
son. (renewal). 1987.

Do. (110) Messrs. The Do. P.L. 5,760 5th July Do.
Indo-Bnrma Petro- (renewal). 1987.
leum Co., Ld.

Do. (Ill) Do. . Do. P. L. 6,798-4 24th Septem- Do.

(renewal). ber 1927.

Mftgwe (112) Messrs. The Do. P. L. 880 8th Decem- 2 years.

Burma Oil Co., Ltd. ber 1927.

Do. (118) Messrs. The Do. P. L. r 640 26th Novem-
Heeaford Develop- (renewal).

i
ber 1986. Do.

ment Syndicate. 1 640 18th June
1987.

Do. (114) Mr. Abdul Do. P. L. 1,880 87th July 1 year.

Bahaman. (renewal). 1987.

Do. (115) Meesrs. The Do. P.L. TO-4 26th August Do.
Bi^h Burma
Petroleum Co., Ltd.

(renewal). 1987.

Do. (116) V. Thu Daw . Do. P.L. 8,560 16th October Do.

(renewal). 1987.

Mergii (117) Chan Ehaln All ininerate P.L. 704 13tb May Do.

except mineral
oU.

1987.

DaDo. (118) Joo Seng . Tin and allied P. L. 486-4 S8ad August
minerals excei^
mineral oil.

1987.

Da (119) Ma Tin . Do. P.L. 716‘8 16tb March Do.
1987.

Da • (ISO) Messrs. Beadon Do. P. L. 676 f5th April Do.
and Doupe. 1987.

P. L.’^Pmpeeiing lAeetm. If. Ltm.
»Xztoiid«<lttll (htappHfifttloiiforttitiBlntiigltiMOfvrtbilwoftiMilidkpOMdol!.
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'EUBMA.—contd.

269

Ltetrlct. Grantee. Mineral.
Nature

of

grant.

Area In acres.

Date of

coniment-e-

ment.

Term,

Mergul (1£1) Mr. J. M'.

Newbory.
Tin . P. L. 1,203*2 31st March

lor.
1 year.

Do. (ItS) Hr. Eowland
Ady.

All minerals
except mineral
oil.

P. L. 8,226-6 2Srd March
1027.

Do.

Do. (IfS) U! Bhawc Yun . Tin and allied

minerals except
mineral oU.

P. L. 2'>6 4th March
1027.

Do.

Do. (1*4) Mr. A. Herbert
Noyea.

Tin and other
allied metaM
except mineral
oU.

P. L. 83-- 2lBt May
1927.

Do.

Do. (125) Mesan. Austral
Malay Tin Ltd.

Tin . P. L. 808*2 2nd March
1027.

Do.

Do. (12fl) Mr. E. A. Park Do. P. L. 8’'r*a 16tb Novem-
1927.

Do.

Do. (127) Mr, L. E. Beale Tin and allied

minerals except
mineral oil.

P. L. 704 4th May
1027.

Do.

Do. (128) Ab Khoon All minerals
except oil.

P. L. 64 25th March
1027.

Do.

Do. (120) Mr. A. £. Ahmed Tin ore and other
allied metals
except mineral
oU.

P. L. . 486*4 22nd Feb-
ruary 1927.

Do.

Do. (130) Mr. J. 1. Milne Tin . . . P. L. 10*2 Slst January
1027.

Do.

Do. (131) Do. Do. P. L. 64 Do. Do.

Do. (132) Mr. G. 11. Hand Do. P. L. 1,048*2 Ist March
1027

Do.

Do. (138) Mr. W. E.
Goleridgo Beadon.

Tin and allied

minerals except
mineral oU.

P. L. 877*6 20th June
1027.

Do.

Do. asi) Do. Do. P.L. 06 Do. Do.

Do (135) Dr. John Morrow
CampleU.

Tin ore and gold P. L. 51,200 lOtb January
1027.

Do.

Do. (186) Mr. M. A. Noor-
dln.

Tin and allied

minerals except
mineral oil.

P. L. 883*2 22nd August
1027.

Do.

Do. (137) Mr.M. A.Musajl All minerals ex-
cept oil.

P. L. 318*6 1st February
1927.

Do.

Do. (138) Mr. 0. H. Hand Tin . P. L. 44*8 1st March
1927.

Do.

Do. (180) Mr. Gul Mo-
hamed.

Tin and allied

minerals except
mineral oil.

P. L. 676 2 8th March
1027.

Do.

Do. (140) Mr. J. M. Forster Do. P. L. 640 22nd March
lor.

Do.

Do. (141) Do. . Do. P. L. 640 Do. Do.

F. L,mProipetiing Licm$e. M. L.—lftntng Leam*
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ergul (142) Mi. J. M. Tin itnd allied P. L. 640 22nd March 1 year.

Do.

Forster. minerals mteept
minerol oil.

1027.

(148) Do. . Do. P. L. 640 Do. . Do.

Do. (144) lim Oo Going . Tin and allied P. L. 204-8 3rd January Do.
metals except
dl.

1087.

Do. (146) Meifn. Beadon Do. P. L. 408-8 8rd March Do.
and Doapo. lor.

Do. (146) lir. 7. 1. Kline . Do. P. L. 170-8 1st February Do.
1087.

Do. (147) Mr. S. 0. Holmes Do. P. L. 086-6 8nd June Do.
1087.

Do. (148) Messrs. The JlW minerals ex* P.L. 662-8 S8th June Do.
Bnrma Flnanee and
Mining Oo., Ltd.

oept oU. 1087.

Do. • (140) Do.

.

Do. P.L. 786 Do. . Do.

Do. (160) Mr. E. B. Milne . Do. P.L. 716-8 4th June Do.
1087.

Do. (161) Mr. L.E. Beale. Tin and allied P.L. 888-8 4th May 1027 Do.
minerals.

Do. • (168) Dr. 7obn Morrow All minerals ex* P.L. 1,760 Slst March Do.

Do.

Oampbell.

(168) Do.

oept natural pe-
troleum.

1087.

Dd P.L. 8,660 Slst March Do.
1027.

Do. (164) Mg. E. Oyl Tin and allied P.L. 276-2 28rd March
I Dp.

minerals except
mineral oil.

1087.

Do. (166) Joo Seng . Tin and other P.L. 1,049-6 80th Novem- Do.
minerals except
oil.

ber 1087.

Do. (166) Mr. A. H. Noyes Tin ore and other
1

P. L. 1&8'6 8lBt May Do.
allied metals ex-
oept mineral oil.

1087.

Do. (167) Kwe Ya . Tin and allied P. L. 886-8 16th July Do.

Bo. (168) Mr. 0. W, Bow-
den.

minerals except
mineral oil.

1027.

Do. P.L. 644 28ad August
1287.

Do.

Do. (160) Tan Po Chit . All minerals ex- P.L. 871-8 4th April Do.
cept mineral oil. 1087.

Do. (160) LeongFokeHye Tin and allied P.L. 460-8 87th August Do.
minerals except
olL

Tin and alUed
minerals.

1087.

Do. (161) Do. P.L. 666-8 8rd May 1087 Do.

Do. (168) Messrs. Hsnd Tin and allied P.L. 116-8 8nd June Do.and Newbery. minerals except
mineral dl.

1087.

DO. ( 168) En Gwan Kyln . Tin . P.L. 812-8 88nd June Do.
1087.
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Margol (164) Maung Po Tin and allied

minerals except
mineral oil.

P. L. 332'8 2lgt July
1927.

1 year.

Do. (166) Mr. A. H. Yunoae All minerals ex-
cept oil.

P. L. 676 7tb June 1927 Da

Do. (166) Messrs. Mayan
Cbaung AUnvUls,
Ltd.

Tin and allied

minerals.
P. L. 1,396-2 20th July

1927.

Do.

Do. (167) Mr. A. H. Noyes Tin ore and otlier

allied metals.
P. L. 204 >8 2lst May

1927.

Do.

Do. (168) Tan Elk Kim . Tin and allied

minerals except
mineral oU.

P. L. 524‘8 5tb May 1927 Do.

Do. (169) Do. . Do. P. L. 618*4 6th April
1927.

Da

Do. . (170) Do. . Do. P.L. . 601*6 Do. . Do.

Do. (171) Mohamed Ismail Do. P. L. 867-6 7th October
1927.

Do.

Do. (17*) Maung Kyiu Bu Do. P. L. 61*2 10th June
1927.

Do.

Do. (173) Do. . Do. P. L. 217*6 22nd Septem-
ber 1927.

Do.

Do. (174) Messrs. Mergul
Tin Dredging Co.,

Ltd.

Tin ore and mi-
nerals other
than mineral
oU.

P. L. 281*6 22Dd August
1927.

1

Do.

Do. (176) Mr. M. A.MusajI Tin and allied

minerals except
mineral oil.

P. L. 281*6 ' 20th July

1

1927.

Do.

Do. (176) lA)e Quee Chee . Tin . P. L. 627*2 22nd August
1927.

Do

Do. (177) Do. . Do. . P. L. 627*2 30th July
1927.

Da

Do. (178) Do. . Do. . P.L. 627*2 Do. . Do.

Do. (179) Messrs. Mayan-
chaung AUuvials,

Ltd.

Tin and allied

minerals except
mineral oil.

P. L, 2,329*6 16tb August
1927.

Do.

Do. ( 180) Tail Eik Klin . Tin and allied

minerals except
mineral oil.

P. L. 160 5th May 1927 Do

Do. (181) Mr. M. A. Noor-

dln.

Do. P.L. 499*2 22nd August
1927.

Do.

Do. (182) Mr. H. G. Hand. Tin and allied

minerals.
P.L. 780*8 8th October

1927.
Do.

Do. (183) Messrs. Mayan-
ohaung Allumls,
Ltd.

Tin and allied

minerals except
mineral oil.

P. L. 1,792 19th Septem-
ber 1927.

Do.

Do. (184) Mr. A. H. Noyes Do. P. L. 166*4 16th JuW
1927.

Da
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M^rgnl (186) Maiing E. Oyl . Tin and allied P. L. 460-8 23rd Septem- 1 year.

mlnerala (‘'oept

mineral oil

her 1027.

Do. (180) Mr. E.B. Milne. All mineralB ex- P.L. 441-6 Slit August Do.

M^t mineral 1927.

Do. (187) Mr. A Herbert Tin ore and other P.L. 117-6 9th Septem- Do.

Koyet. allied metalB
except mineral
oU.

ber 1927.

Do.Do. (188) Mr. J. W. Hew- Tin and allied P. L. 102-4 8th June 1027

bery. minerals except
mineral oil.

Do. (180) Eng Tain Leong. Tin . P. L. 640 80th July
1027.

Do.

Do. (100) LeongAhFoo . Tin and allied P.L. 172-8 8th December Do.

minerals except
mineral oil.

1927.

Do.Do. (101) Leong Foke Hye Do. . P.L. 486-4 8th October
1927.

Do. (lOt) Teo Sain Onan . Do. . P.L. 1984 6th Septem- Do.
ber 1027.

Do. (108) Hr. Eapuralngh Tin . P.L. B44-8 28rd Decem-
ber 1027.

Do.

Do. (104) Hr.Q. H. Hand. Tin . P.L. 627-2 Slst Decem- Do.
ber 1027.

Do. (106) Yeo Sain Gnan . Tin and allied P.L. 800-0 5th Septem- Do.

minerals except
mineral olL

ber lor.

Do. (190) Ab Bhee . Tin ore P.L. 826-4 23rd Decem- Do.
ber 1027.

Do. (107) Joo Seng . Do. M. L. 008-8 Ist Decem- so years.

ber 1927.

Do. • (198) Maung Po Thalk Do. M. L 1,680-8 16th June Do.
1927.

Do. (190) In Sit Yan All minerals ex- M. L. 1,076-2 16th Septem- Do.
cept natural

petroleum and
ber 1027.

natural gas.

Do. (800) Tan Po OWt and Tin . M. L. 682-4 Ist December Do.

Tan Sine Shin. 1926.

Do. (201) Maung San Dun Do. M. L. 128 8rd August
1026.

Do.

Do. (201) Mesm. The Ta- All minerals ex- 1,011-2 Otb January 1 year.

voy Tin Dredging cept natmal 1927.

Corporation, Ltd. petroleum.

Do. (20S) Do.

.

Do. . 723-2
i

8th October Do.

. 1927.

Do. (204) Do.

.

Do. . 1,260-8 9th Decem- Do.
ber 1927.

1)0. (105) Do. . Do. . 2,214-4 8th Decem- Do.

HIHHBHBii
ber 1927.

P.I>-PW»|»««IV Kmw-
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Hergnl (206) Mosers. Tavoy
Prospectors, Ltd.

All minerals except
natural petro-
leum.

P. L. 8,083-6 23rd Novem-
ber 1927.

1 year.

Do. (207) Mr. J. I. MlUie . Tin ore P. L. 55C-8 10th Decem-
ber 1027.

Do.

J»o. (208) Tan Boon Hein Tin and allied

minerals except
natural petro-

leum.

P. L. 454-4 Ist Decem-
ber 1927.

Do.

Bo. (209) Leong Ah Foo , Do. . P. L. 460-8 9th Decem-
ber 1927.

Do.

Bo. (210) Dr. Henry E.
WelU.

Tin and all mi-
nerals except
coal and mineral
oil.

All minerals ex-
cept coal and
mineral oil.

P. L.

(renewal).
371-2 3rd February

1927.
Do.

Bo. (211) Do. . P. L.
(renewal).

320 12th April
1927.

Do.

Do. (212) Ma Kyin Mya
and Ma Lin.

Tin . P. L.

(renewal).
428-8 4th May 1927 Do.

Do. (213) En Goan Kyln . Do. . P. L.
(renewal).

1,680-8 Do. Do.

Do. (214) Mauug E. Gyl . Tin and a Hied

minerals except
miner.) 1 oil.

P. L.

(renewal).
256 14th June

1917.
Do.

Do. (215) Mesers. Mayan-
chaun Alluvdale,

Ltd.

Tin . P. L.
(renewal).

960 24 th June
1927.

Do.

Do. (216) Mr. Q. H. Hand. Do. . P. L.
(renewal).

'806-4 Do. . Do.

Do. (217) Joo Seng . Tin and allied

minerals except
mineral oil.

P. L.

(renewal).
473-6 9th August

1927.
Do.

Do. (218) Do. . All minerals ex-
cept mineral oil.

P. L.

(renewal).
985-6 Ist August

1927.
Do.

Do. (219) Mr. F. L. Watts. Tin and aUled
minerals except
mineral oil.

P. L.
(renewal).

1,166-8 9th August
1927.

Do.

Do. (220) Do. . Do. . P. L.
(renewal).

256 Do. Do.

Do. (221) Mr. Gul Moha-
med.

Tin and allied

minerals except
mineral oil.

P. L.
(renewal).

676 3l8t July
1927.

Do.

Do. (222) Mr. M. A. Noor-
dln.

Do. . P. L.
(renewal).

266 Do. Do.

Do. (223) Mr. A. Aalr Yu-
nose.

Do. . P. L.

(renewal)
637-6 9th August

1927.
Do.

Do. (224) Leong Poke Hye Do. . P. L.

(renewal).
1,202-8 23rd August

1927.
Do.

Do. (225) Tan E. Kyln . Do. . P. L.

(renewal).
121-6 27th August

1927.
Do.

f.I.’mPntpttimg Liaw. Um.
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Mergui (£26) Mr. Q. B. Hand. Tin . P. L.
(renewal).

2,912 4th Septem-
ber 1927.

1 year.

Do. (227) Ah Shoe . Tin and allied

minerals except
oU.

P. L.

( renewal).

249-6 80th October
1927.

Do.

DO. (228) Mr. £. MaxweU
L^y.

Do. . P.L.
(renewal).

684-8 Do. Do.

Do. (229) Mr. E. B. Milne . All minerals ex-
cept mineral oil.

P.L.
(renewal).

1,254-4 let Decem-
ber 1927.

Do.

MelktUa (280) Mr. S.L.B. Aid-
worth.

All minerals and
coal.

P.L. 345-6 2lBt Septem-
ber 1927.

Do.

Mlnbn (231) Messrs. The
Burma Oil Co., Ltd.

Natural petro-
leum (Including

natural gas).

M.L. 640 1st December
1927.

80 years:

Do. (282) Mr. L. Dhana
Singh.

Natural petro-

leum.
P.L.
(renewal).

820 10th March
1927.

1 year.

Do. (288) Do. . Do. . P.L.
(renewal).

688-8 80th April
1927.

Do.

Mylngyan . (234) Messrs. The
Burma Oil Co., Ltd.

Do. . P. L. 2,809-6 22nd Decem-
ber 1926.

2 years.

Northern
Shan
States.

(235) Sawbwa of Mo-
melk.

All minerals and
precious stones.

P.L. 268-8 16th July
1927.

1 year.

Do.

Do.

(286) Messrs. The
Burma Corporation,

Ltd.

(287) Messrs. The
Burma Oil Co., Ltd.

Iron ore

Do. .

-M. L.

P. L.
(renewal).

172-8

192

1st May 1927

2nd July 1927

80 years.

1 year.

Do. • (238) Do. . Do. . P. L.

(renewal).

121-6 Do. • Do.

Pakakku . (230) Ma B1 Bl . Natural petroleum P. L. 640 22nd Novem-
ber 1926.

Do.

Do. (240) Messrs. The
Burma Oil Co., Ltd.

Do. . P.L. 160 22nd March
1927.

2 years.

Do. (241) Do. . Do. . P.L. 800 7th Novem-
ber 1926.

Do,

Do. » (242) Mg. Myo Nyun,
Agent of U. Thu
Daw.

Do. • • P.L. 640 80th Novem-
1927.

Do.

Do. (248) Messrs. The
Indo-Burma Petro-

leum Co., Ltd.

Do. • • P. L.
(renewal).

2,400 12th February
1927.

1 year.

Shwebo . (244) Do. Do. . P.L.
(renewal).

6,118-6 1
.

Do.

Do. (246) Do. . Do. . P.L.
(renewal).

5,440 14tb August
1927.

Do,

Bonthern
Shan
States.

(246) Sawbwa of

]>wksawk.
All minerals ex-

cept oil.

P.L. 12,000 Ist Novem-
ber 1927.

Do.

F. L« K Lme,
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Souther n
Shan State.

(147) Mr. CoUn Oamp-
hc^

All minerals ex-
cept oil.

P. L. 640 16th July
1927.

1 year.

Do. , (248) Mawohi Mines . Do. . P.L. 612 Idth August
1927.

Do.

Do. . (1491 Mem. The
Kalaw Mining Syn-
dicate.

Do. . P. L.
(renewal).

76-8 84th January
1916.

Do.

Do. . (160) Do.

.

Do. . P. L.

(renewal).

4,320 27th July
1926.

Do.

Do. . (261) Messrs. Steel

Bros. A Co., Ltd.

Do. . P. L.

(renewal).

198-8 28th Novem-
ber 1926.

Do.

Do. . (152) Mr. GoUn Camp-
beU.

Do. . P.L.
(renewal).

480 19th Novem-
ber 1986.

Do.

Do. . (268) Do. . Do. P.L.
(renewal).

480 18th Decem-
ber 1926.

Do.

Do. . (264) Do. . Do. . P.L.
(renewal).

480 1st November
1926.

Do.

Do. . (266) Do. . Do. . P. L.
(renewal).

2,240 26th Novem-
ber 1926.

Do.

Do. . (266) Tan Po Yin Do. . P. L.
(renewal).

368-4 9th December
ber 1926.

Do.

Do. . (267) Mem. The Coal-

fields of Bnnna, Ltd.

Coal P.L.
(renewal).

160 9th May 1926 2 years.

Do. . (168) Mem. The Shan
States Silver, Lead
Co., Ltd.

All minerals ex-

cept oil.

P.L.
(renewal).

1,120 22nd Decem-
ber 1926.

1 year.

Do. . (259) Messrs. Steel

Bros. A Co.

Do. . P.L.
(renewal).

i,600 28nd Febru-
ary 1987.

2 years.

Do. . (160) Daw Tui & Sons Do. . P.L.
(renewal).

640 Slat Decem-
ber 1916.

1 year.

Do. (261) Tan Po Yin , Do. . P. L.
(renewal).

640 4th May 1927 Do.

Do. . (262) Messrs. Kalaw
Mining Syndicate.

Do. . P. L.
(renewal).

76-8 24th April
1927.

Do.

Tavoy (168) Messrs. The
Burma Pinanoeand
Mining Co., Ltd.

Tin and wolfram M. L. 192 16th Febru-
ary 1927.

80 years.

Do. (264) Mem. The Ta-
voy Tin Dredgiog
Corporation, Ltd.

Do. . M. L. 179-2 1st April 1927 Do.

Do. (266) Mr. H. KeUy . Do. . M. L. 889-6 16th June
1927.

Do.

Do. (266) Mr. W. C. Toms Tin,Wolfram and .

allied minerals.
M.L. 96 16th Septem-

ber 1917.
10 years*

Do. (267) Quah Cheng
Gwan.

Do. . M. L. 682-4 1st Decem-
ber 1916.

80 yean.

Do. (166) U. Maung
Maung.

Tin and wolfram M. L. 421-4 1st May 1027 Du.

V.L.^Proip9Ciing Lie$im. H. Imm.
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Tavoy (t«9) Mr. A. 8. Maho-
med.

Tin an \ Wolliam. P. L. 326'4 10th Janu-
ary 1927.

1 year.

Do. (270) Measrp. The Ta-
voy Proepectore,

Ltd.

Do. . P.L. 2,758>4 13th Septem-
ber'1927.

Do.

Do. (ri) Mr. E. C. N.
Twite.

Do. . P.L. 43B-2 27th January
1927.

Do.

Do. (272) Mr. A. W.Eoag. Do. . P. L. 780-8 8rd February
1927.

Do.

Do. (278) Messrs. The
Burma Finance and
Mining Ck).

Do. . P. L. 64 Slst January
1927.

Do.

Do. (274) Mrs. 8. WeWng-
ton.

Do. . P.L. 640 4th January
1927.

Do.

Do. (276) Mr. J. W. New-
bery.

Do. . P. L. 160 30th May
1927.

Do.

Do. (270) Mr. J. J. A. Page Do. . P. L. 70-4 10th March
1927.

Do.

Do. (277) Mr. J. W. Now-
bery.

Do. . P. L. 230-4 SOth May
1927.

Do.

Do. (278) Quah Hun
Chaung.

Do. . P. L. 276-2 3rd February
1927.

Do.

Do.
1

(279) Messrs. The Ta-

voy Tin Dredging
Corporation, Ltd.

Do. . P.L. 1,036-8 7th May 1927 Do.

Do. (280) Do. . Do. . P.L. 960 Do. Do.

Do. (281) U. Maun-,.'

Muang.
Do. . P.L. 960 4th July 1927 Do.

Do. («82) Mrs. B. M’eUlng-

ton.

Do. . P. L. 268 21st Juno
1927.

Do.

Do. (288) Messrs. The Ta-

voy Tin Dredging
Corporation, Ltd.

Do. . .
I
P.L. 2,598-4 Do.

Do. (284) Mr. E. (' N.

T^dte.

Do. . P. L. 38-4 10th March
1927.

Do.

Do. (285) Mr. A. VV. Ross Do. . P. L. 128 16th April

1927.
Do.

Do. (286) Quah Cheng
Guan.

1

Do. . P.L. 640 6th May 1927 Do.

Do. (287) Maung Po 8wo . Do. . P. L. 826-4 4th May 1927 Do.

Do. (288) Messrs. The Ta-
voy Rubber Co,,

Ltd.

Do. , P. L. 82 6th July 1927 Do.

Do. (289) Mr. A. W. Ross. Do. . P. L. 106-8 t6th May
19r.

Do.

Do. (290) Mrs. 8. Welling

ton.

Do. . P. L. 640 18tb August
1927.

Do.

P. L.umProtp€cting Licm^. IL Mining Iwu.
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TaToy (291) Mpssw. The Tin and wolfram . P.L. 1,715-2 18th Septem-
her 1927.

1 year.

Tavoy Tin Dietl^mK
Corporation, Ltd

Do. (102'i MensTR. Tbe Do. P. L. 889-2 27th July
1927.

Do.

Bnrma Finance and

Mining Co., Ltd

.

Do. (208) Mr. H. Kelly .
Do, P. L. 428-8 30th May

1927.

Do.

Do. (294) Mr. E. C. N. Do. P.L. 1,996-8 Ist Novem-
ber 1927.

Do.

Twite.

Do. (296) Chan Kee Do. P.L. 756-2 16tb August
1927.

Do.

Do. (206) Messrs. The Do. P, L. 2,269-2 18th August
1927.

Do.

Tavoy Prospectors,

Ltd.

D,. (297) Mr. W. C. Toms Do. P. L, 512 22nd August
1927.

Do.

Do. (298) Mr. M. A. Musajl Do. P. L. 826-1 2nd Decem-
ber 1927.

Do.

Do. (209) Khoo Seln Shan Do. P. L. 640 3rd Novem-
ber 1927.

Do.

Do. (300) Messre. The Do. P. L. 1,216 Do.

Tavoy Tin Dredging

Corporation, Ltd,

(301) Messrs, Newbery
and Ward.

Do. P. L.
(renewal).

121-6 11th October Do.
Do. 1926.

Do. (302) Do. Do. P. L.

(renewal).

800-8 Do. Do.

(303) Kim Swe .
Do. P. L.

(renewal).

896-8 81«t Novem- Do,
Do. ber 1026.

(804) Messrs. The
Tavoy Tin Dredging

Do. P. L. 3,088-6 30th January Do.
Do.

(renewal). 1927.

Corporation, Ltd.

Do. (806) Do. Do. P. L.
(renewal).

1,106-8 27th Feb-
ruary 1927.

Do.

Do. (806) Quah Cheng
Took.

Do. P.L.
(renewal).

612 10th July
1927.

Do.’

Do. (307) Mr. J. J. A.

Page.

Do. P. L.
(renewal).

217-6 12th July
1027.

Da

Da (808) Mr. C. W. Boss . Do. P. L.
(renewal).

1,011-2 8rd July
1027.

Do.

Do. (809) Maung Ba Oh .
Do. P. L,

(renewal).

820 13th August
1927.

Do.

(810) Maung E. Zln .
Do. P. L. 728-2 26th August Do.

Do. (renewal). 1927.

Do. (811) Maung Po Swe .
Do. P. L.

(renewal).

640 7th Septem-
ber 1027.

6 months,

Thaton (812) Mr. A. Eahhn . All minerals ex-

cept oil.

P.L. 2,444-8 7th February
1027.

1 year.

P. l,."^Protp*etin9 JAcmn* M. Uoh.
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ment.
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ThatOD (818) Kr. J. M. Fors-

ten.

All minerals ex-

cept oil.

P.L. 1,548*8 7th March
1927.

1 year.

Do. (814) ICr. A. C. Martin Do. P. L. 2*5 20th Feb-
ruary 1927.

Do.

Do. (815) 0. Chan Shwe . Do. P.L. 640 14th Mardi
1927.

Do.

Do. (816) E. Beng Chong . Do. P.L. 766*2 24th August
1927.

Do.

Do. (817) Mr. A. C. Martin Do. P. L. 7,040 16th Septem-
ber 1927.

Do.

Thayetmyo. (318) Mr. Ismail Abu
Anmed.

Natural petroleum P. L.
(renewal).

2,890 15th January
1927.

Do.

Do. (819) Mesm. The
Indo-Bunna Petro-

leum Co., Ltd.

Do. P.L.
(renewal).

8,960 9th February
1927.

Do.

Do. (820) Messrs. The
Indo-Bunna Oil-

fields, Ltd.

Do. P. L.
(renewal).

684*6 2nd January
1927.

Do.

Do. (821) Do. Do. P. L.

(renewal).

640 29th March
1927.

Do.

Do. (822) Do. Do. P.L.
(renewal).

6,400 28th April

1927.
Do.

Do. (828) Do. Do. P.L.
(renewal).

2,560 12tb July
1027.

Do.

Do. (824) Do. Do. P. L.
(renewal).

960 22nd July
1927.

Do.

Do. (826) Messrs. The
Banna Oil Co., Ltd.

Do. P. L.
(renewal).

2,024*8 29th Novem-
ber 1927.

Do.

Do. . (826) Messrs. The
Indo-Borma 011-

fields. Ltd.

Do. P.L. 2,560 12th Jhly
1926.

Do.

Do. (827) Do. Do. P.L. 960 22nd July
1026.

Do.

Do. (828) U. Eyauk Lon . Do. P. L. 96 6tb July
1927.

2 years.

Do. (829) Mg. Tun Yan . Do. P.L. 96 22nd Novem-
ber 1927.

1 year.

Toungoo . (880) Mr. J. M. Forster All minerals ex-

cept natural

petroleum.

P. L. 1,280 15th Feb-
ruary 1928.

Do.

Upper Ohind*• (881) Messrs. The
Burma Oil Co., Ltd.

Natural petroleum
(Including na-

tural gas).

P.L. 8,320 •• Do.

Do. (882) Do. Do. P. L.

(renewal).
1,760 28th August

1927.
Do.

Do. (888) Messrs. The Coal

FuUi of Burma,
Ltd.

Coal . P. L.
(renewal).

704 19th June
1926.

2 years.

Umm. H. L.-«Miv JCtoM.
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DJftriot Grsiitee. Mineral.

Nature
of

grant.

Area in acres.

Date of

eonunence-
ment.

1

Term.

Upper Chind-
win.

(884) Heew. Tho
Indo-Burma Petro-

leum Co., Lid.

Natural petroleum
(inclumug na-

tural gag).

1

P. L.

(renewal).

2,560 17U) Karoh
1927.

1 year.

Do. (888) Mewrs. The
Indo-Buims 011-

fleldfl. Ltd.

Do. . P. L.
(renewal).

8,200 11th July
1927.

Do.

Do. . (386) KeeeTB. The Coal

Fields of Burma,
Ltd.

Coal . P. L.
(renewal).

678-4 8id March
1927.

2 yean.

Do. (887) Do. Do. . P. L.
(renewal).

666-6 Do. Do.

Do. (888) Meggra. The
|

Indo-Burma Petro-

leum Co., Lid.

Natural petroleum
(Including na-

tural gag).

P. L.

(renewal).

640 6th October
1927.

1 year.

CENTRAL PROVINCES.

Balaghat (880) Pandit £ewa-
Shankar.

Manganosc . M. L. 4 8rd Hay 1027 10 yean.

Do. (340) Hr. Chandanlal

.

Do. M. L. 250 lltb Decem-
ber 1026.

20 yean.

Do. (841) Mr. P. N. Oke . Do. P. L. 50 12th January
1027.

1 year.

Do. (842) Mr. Kanhaiyalal Do. P. L. 30 Ist July 1027 Do.

Do. . (343) Messrs. Noahar-
wanjl and Ardeghlr
Brothers.

Do. M. L. 10 18th Decem-
ber 1026.

10 yean.

Do. (844) Hr. H. A. Pasha Do. P. L. 48 18th March
1027.

1 year.

Do. (845) Nawab Neazud-
din Khan.

Do. P. L. 60 2nd May 1927 Do.

Do. (846) Do. Do. P. L. 14 Do. Do.

Do. . (847) Do. Do. P. L. 66
1

4th October
1927.

Do.

Do. (848) Do. Do. P. L. 61 2iid Hay 1927 Do.

Do. (840) Hr. Kanbalyalal Do. P. L. 7 15th June
1927.

Do.

Do. (860) Pandit Kripa-
Shankar.

Do. H. L. 126 80th Decem-
ber 1926.

30 years.

Do. (361) Kamchandra Pa-
tel and Company.

Do. P. L. 80 12th January
1927.

1 year.

Do. (852) Pandit Kripa-
tankar.

Do. . . i

M. L. 82 7th February
1927.

80 years.

Do. (858) Seth Bhudarsao. Do. P. L. W
1

•id May 1927 1 year.

P. L.-iiypir«K>iV X/UOW. U. iXM.
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DUMot. Grantee. Mineral.
Nature

of
grnut.

Area In acres.

Date of

commen^’e-
merit.

Term.

Balaghat « (854) Mr. Eanliaiyalal Manganese P.L. 18tb January
1927.

1 year.

Do.

Do.

(856) Do.

(856) Do.

Do.

Do.

P. L.

P.L.

8th March
1927.
Da

Da

Do.

Do. (857) Mr. Obaodanlal . Do. P.L. 8th April

1927.
Do.

Do. (858) Mr. 0. 8. Harris Do. M. L. 8 14th Feb-
ruary 1927.

80 3reaxB.

Do. (859) Mr. Samlnlla
Khan.

1)0. P.L. 7th January
1924.

1 year.

Do. (860) Messrs. B. P. By-
rainJL

Do. M.L. 9tii Novem-
ber 1927.

5 yean.

Do. (861) Mr. Amrltlal P.
Trlvedl.

Do. P.L. 2nd March
1927.

1

3

rear.

Do. (862) Hal Bahadur Sir

Bisseasardas Daga.
Do. M. L. 5 years.

Du. (868) Mr. Amrltlal P.
Trlvedl.

Do. P. L. 8th Marcli

1927.
1 year.

Do. (864) Nftwab Neaeud-
dln Hlian.

Do. M. L. 12 4th July 1927 20 years.

Do. (866) Mr. P. K. Oke . Do. P.L. 8 list January
1927.

1 year.

Do. (866) Messrs. Noshar-
wanJl and Ardeshlr
Brothers.

Do. P. L. 16 81st August
1927.

Do.

Do. (36^ The Nagpur
Manganeee Mimng
Syndioate.

Do. M. L. . . 17 22nd July
1927.

10 years.

Do. (868) Mr. Chandanlal Do. P. L. 44 26th Septem-
ber 1927.

1 year.

Do. (369) Mr. Amrltlal P.
Trlvedl.

Do. P. L. 92 list Febru-
ary 1927.

Do.

Do. (370) Messrs. Khoja
Mltha Bhii Nathoo.

Do. P. L. 176 14th March
19r.

Do.

Do. (371) Seth Bbopat
Eao.

Do, P. L. 179 4th July 1987 Do.

Do. (371) Seth Permanand
Bansldhar.

Do. M. L. 1 14th April
19r.

80 years.

Do. (373) Messrs. S. Lax-
man Bao and B.
Narslngrao.

Do. P. L. 15 12th Feb-
ruary 1917.

1 year.

Do. (874) Seth Shreeram . Do. M. L. 85 87th June
1987.

5 years.

Do. (375) Mr. Amrltlal P.
Prlvedl.

Do. P. L, 3 9th April
1987.

1 year.

Do. (376) Messrs. Khoja
Mtiha Bbai Nathoo.

Do. P.L. 16 80th July
1987.

Do.

•^*L,»Proip4tUitg Uttim, U,h,w>Mi0iint Ltan,
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CENTRAL PROVINCES-co«fc?.

DkfUM.
Nature Date of

Grantee. Mineral. of Area in acres. commence- Tenta.
grant. ment.

Baligbat . (877) The Indian Man- Manganese P. L. 850 18th April i year.
|M6M Company, 1027.

Do. (878) Meem. Eamnath Do. M. L. 17 20th October 80 years.
Ba^oatb Bao Auala. 1027.

Do. (870) The Centnl Do. P. L. 806 2ist June 1 year.
lodlA Mining Com-
pany, Ltd.

1027.

Do. (8S0) Mt. C. 8. Harila limeetone . P. L. 10 2nd May Do.

Do. .

1027.
(881) Mr. AmiltUl P. Manganeee . P. L. 87 0th April Do.

TrlyedL lor.

Do. (382) Meean. B. P. Do. P.L. 538 18th October Do.
Byramji and Com-
pany.

1027.

Do. (388) Mr. Amrltlal P. Do. P. L. 137 28th April Do
Trivedl. 1027.

Do. (884) Thakur Naisib Do. P.L. 850 14th May Do
Singh. 1027.

Do. (385) Mr. Amrltlal P. Do. P.L. 80 0th April Do
Trivedl. 1027.

Do, (886) Miust. Munna
Bal.

Do. P. L. 86 16th Septem-
ber l«7.

Do.

Do. (387) Mr. SamluUa Do. P. L. 370 20th July Do.
Khan. 1027.

Do. (388) Muast. Munna Do. P. L, 156 16th Septem- Do.
BaL ber 1027.

Do. (380) Do. Do, P. L. 105 30th May Do.

Do. .

1927.
(300) Mr. Amrltlal P. Do, P.L. 74 5th June Do.

Trivedl. 1927.

Do. (801) E. B. Chhaju- Da P.L. 241 2Srd June Do.
ram. 1027.

Do. (802) Thakur Narib Do, P. L. 246 18th July Do.
Singh. 1027.

Do. . (803) Mr. B. V. Butl . Do, P.L. 107 20th July

j

Do.
1027.

Do. . (804) Mr. Amrltlal P.
Trivedl.

Do. M. L. 85 12th Septem-
ber 1027.

6 years.

Do. (805) MuBit. Munna
BaL

Do. P.L. 80 13th August
1027.

1 year.

Do. (808) Mr. Bhawanji Do. P.L. 828 2lst October Do.
Naranjl. 1027.

Do. (807) Moaet. Munna
Bal.

Do. P.L. 132 16th Septem-
ber 1(^.

Da

Do. (8M^. M. B. Mar- Do. M. L. 15 14th October
1027.

80 years.

Do. (800) Mr. SamiuUa
KmuL

Do. m 76 26th Septem-
ber 1027.

1 year.

P. L.vmv««IW £<m*w. M. L.-irMl« ZMm.

r
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CENTRAL PROVINCES-HJonfti.

DMet Onmtee. Mineral
Katnre

of
grant.

Arealnacree.
Date Of

commence-
ment.

Term.

B«]Agb»t . (iOO) Mofft. Monu
Bal.

Manganeeo . P. L. 48 18tta August
1087.

1 year.

Do. (401) Kr. Bbawonjl
KftnqJL

Do. P.L. 184 18tti Beptem-
berll^.

Do.

Do. (402) Ifr. AmrttU P.
Triyedi.

Do. . P.L. 80 81it August
1987.

Do.

Do. (408) Kart. ManiM
B«l.

Do. P.L. 74 7th July
1987.

Do.

Do. (404) The Oenteil

Indio Mining Com-
pony. Ltd.

Do. P.L. 70 S8nd July
lor.

Do.

Do. (406) Do. Do. P.L. 160 Do. Do.

Do. (406) Do. Do. P. L. 184 Do. Do.

Do. . (407) Do. Do. P. L. 801 8rd Deoem*
berl987.

Do.

Do. (406) Nowftb Neaind-
dinMbon.

Do. . P.L. 100 6tb Deoem*
berl987.

Do.

Do. (400) Do. Do. P.L. 10 Do. Do.

Do. (410) Mr. Mohunmod
Ainrar Peeho.

Do. . . P.L. 16 7th October
1987.

Do.

Do. (411) Mesm. B. P.
Byiomjl and (jom-
pony.

Do. P.L. 176 Ut July
1987.

Do.

Do. (4^ Mr. BomlulU
Khan

Do, P.L. 171 84th August
1087.

Do.

Do. (418) Beth Qaneeblal
Balbbadra.

Do. P.L. 298 Oth Septem-
ber 1M7.

Do.

Do. (414) Meesn.Lalbehari
Bamcharan.

Do. P. L.

1

80 18th October
1987.

Do.

Do. (416) Mr. 0. 8. Earria Do. P.L. . 14 18th July
1087.

Do.

Do. (416) Mr. AmrlUal P.

TzivedJ.
Do.

1

M. L. 48 87th Septem-
ber 1087.

16 yean.

Do. (417) Do. Do. P. L. 19 81st August
1087.

1 year.

Do. (416)Meaen. B. P.

ByramJI and Oom*
pany.

Do. P.L. 00 4th August
lor.

Do.

Do. (410) Mr. AmrltM P.
Trlyedl

Do. P.L. 47 6th August
1987.

Do.

Do. (4M^. SamliiUa Do. P.L. 18 87th Septem-
ber 1M7.

Do.

Do. (4tl) Mr. AmrtUal P.
Trlyedl

Do. P.L. 84 81st October
1987.

Do.

Do. •

1

(4ffi) Do. Do. P.L. 85 81st August
1087.

Do.

P. JAmm, M. L.-JVMiif XMit.
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CENTRAL PROVINCE8-«w*i.

Dlitriet. Grantee. Mineral.
Nature

of

mnt.
Area in acres.

Date of

commence-
Jiient.

Term.

Balagbat (413) Mr. P. N. Oko . Manganese . DH 78 15th August
1917.

1 year.

Do. (414) Mr. Eanbalyakl Do. 27 5th Novem-
ber 1927.

Do.

Do. (426) Meun. B. F.
ByramJI and Com-
pany.

Do. M. L. 6 14tb Novem-
ber 1917.

5 years.

Do. (416) Mr. Amritlal P.

Trlvedl.
Do. 89 list October

1917.
1 year.

Do. (4rj^Mr. Abdul Bahlm Do. 156 16th October
1917.

Do.

Do. (418) Mr. Amritlal P.
Trivedl.

Do. M.L. 16 19th October
1917.

10 yeatib

Do. (419) Do. DO. . . P. L. 65 18th Novem-
ber 1927.

1 year.

Do. (480) The Indian Man-
ganese Oo., Ltd.

Do. P. L. 69 17th Decem-
ber 1927.

Do.

Do (431) Do. Do. P. L. 19 5th Novem-
ber 1927.

Do.

Do. (482) Pandit Krlpa-
sankar

Do. M. L. 70 22nd Decem-
ber 1927.

19 years.

Botul (483) Pandit Kaghi-
ram, P. W. D. and
Hi. 11way Contractor,
Shahpur.

Coal .

1

P. L. 684 27tb June
1927.

Do.

Dhandara (434) Nawab Neaiud-
din Khan.

Mangaiiest' .
|

P. L. 196 28rd April
19r.

Do.

Do. (436) Do. Do. P. L. 85 7th May 1

1927.

Do.

Do. (436) Messrs. Kamdeo
Pandurang Dalai
and others.

Do. P. L. 263

1

eth May
1927.

Do.

Do.

Do.

(487) Mr. bamlolla
Khan.

(488) Mr. P. K. Oke .

Do.

Do.

P. L.

P. L.

160

1

69

Extended till

the execu-
tion of the
mining lease.

29tb March
1927.

1 year.

Do. (489) Mr. Ganoshial
Balbhadra.

Do. P. L. 15 16th April

1917.
Do.

Do. (440) Mr. Sheopratap
Kalaoband Marwadi.

Do. P. L. 84 Slat October
1927.

Do.

Do. (441) Messrs. Kllkaut
Sao and Company.

Do. P. L. 24 24th Febru-
ary 1927.

l»o.

Do. (441) Mr. Suiesh
Chandra Das Gupta.

Do. P. L. 116 6th April
1917.

Do.

Do. (448) Messrs. Kilkant
Sao and Company.

Do. P. L. 38 12th April

1917.
Do.

Do. (444) Do. Do. P. L. 99 Do. Do.

M. L. — MMng Lean,r. L. - Pro9pmti0i§ Uetim,
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CENTRAL PBOVINCES-^conftJ.

District. Grontee. Mineral
Nature

of
grant.

Area In acres.

Date of

commence-
ment.

Term.

Bbandftra .

Do.

(445) Messrs. Namdeo
Dandorang Dalai
and others.

(44d) Do.

Manganese

Do.

P. L.

P. L.

106

65

6th June
1927.

6th May 1927

1 year.

Do.

Do. (447) Do. Do. P. L. 670 9th October
1927.

Do.

Do. • (448) Mr. A. 0. Maltra Do. P. L. 842 . 23rd July
1927.

Do.

Do. (440) Mr. M. A. Pasha Do. P. L. 8 19th April

1927.

Do.

Do* • (450) Messrs. Ganpat*
sao Dhanpatsao.

Do. P. L. 40 24th June
1927.

Do.

Do. (451) BaI Bahadur
Nritya Gopal Bose,
Pleader.

Do. P. L. 58 20th October
1927.

Do.

Do. (450) Mr. Shriram
Seth.

Do. P. L. 8 5th August
1927.

Do.

Do. • (458) Eal Bahadur
Nritya Gopal Bose,
Pleader.

Do. P. L. 176 20th October
1927.

Do.

Do. (454) Nawab Neaiud-
diu Ehan.

Do. P. L. 16 27th Septem-
ber 1927.

Do.

Do. (455) Messrs. Ganesb-
lai Balbbadra.

Do. P. L. 18 13th October
1927.

Do.

Do. (456) Eal Sahib Gowar-
dbandas.

Do. P. L. 113 2Uth October
1927.

Do.

Do. * (457) Messrs- Jadulal
Bwulal. 1

Do. P. L. 48 10th Decem-
ber 1927.

Do.

Do. (458) Bai Sahib :

Qowardhandas.
Do. P. L. 4 20th October

1927.
Do.

Do. (469) Eamchandra
Patil and Oompany.

Do. P. L. 01 30th Novem-
ber 1927.

Do.

Do. . (460) Mr. M. A. Pasha Do. P. L. 100 27th Decem-
ber 1927.

Do.

Do* . (461) Messrs. Yadulal
Beulah

Do. P. L. 1 25th Decem-
ber 1927.

Do.

Do. (46£) Mr. B. AUlmud-
din.

Do. P. L. 61 7th Decem-
ber 1927.

Do.

Do. (463) Lala Jalnarayan
MohanlaL

1

Do. M. L. 84 5th April

1927.
5 years.

Do. (464) Eal Sahib Seth
Gowardban Dass.

Do. M. L. 7 9th Febru-
ary 1927.

10 years.

Do. (465) Menn. Nilkant
Sao and Oompany.

Do. M. L. 18 20th April

1927.
20 years.

Do. (466) Messrs. Ganpat-
sao Dhanpateao.

Do. M. L. 19 14th Septem-
ber 1927.

6 years.

Do. (467) Messrs. Ganesh-
lal Balbbadra.

Do. . M. L. 19 6th October
1927.

5 years.

M. MM.
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DItMot Grantee. Mineral.
Nature

0/

grant.

Area in acres.

Date of

commence-
ment.

Term,

Bhandan . (468) MetMTS. NUkant
Bao and Company.

Manganese M. L. 27 29th July
1927.

30 years.

Do. (469) Mr. Shriram Seth Do. M. L. 16 24th Novem-
ber 1927.

5 years.

Dilaspui (470) 'Messrs. Agarwala
Brothers.

Do. P. L. 200 16th Febru-
ary 1927.

1 year.

Do. (471) Messrs. Dunlop
and C!onsidlne (Ohar-
dama Goal Fields
Ltd.).

Coal and iron P. L. 11,900 9th March
1927.

Do.

Do. (472) Do. Coal . P. L. 12,256 1st July 1927 Do.

Do. (478) Do. Do. . P. L. 3,376 6th Novem-
oer 1927.

Do.

Do. (474) Do. Do. . P. L. 4,324 SJth Novem-
ber 1927.

Do,

Do. (476) Messrs. Natham
Brothers.

Do. . P. L. 888 2nd Decem-
ber 1927.

Do.

Cbhlndwaia (476) Seth Laxmi-
narayan Hasdeo.

Manganese . P. L. 483 7 th May 1927 Do.

Do. . (477) Mr. A. V.
Wazalwar, Pleader.

Do. P. L. 71 12th March
1927.

Do.

Do. . (478) Mr. Noor
Mohammad Mitha.

Do, P. L. 829 6th Decem-
ber 1927.

Do.

Do. . (479) Nawab Nlasud-
dln.

Do. P. L. 87 28th June
1927.

Do.

Do. (480) Messrs. Chait-

ram Sao and Tika-
ram Soo.

Du. P. L. 815 21st June
1927.

Do,

Do. . (481) Mr, Pratul
Narain MukerjI.

Coal . P. L. 241 5th April
1927.

Do.

Do. . (482) Mr. Hussain
Khan.

Manganese . P. L. 275 3rd January
1927.

Do.

Do. . (488) Mr. BaimnUa
Khan.

Do. P. L. 105 12th Febru-
ary 1927.

Do.

Do. . (484) Nawab Niasnd-
din Khan.

Do. P. L. 88 26th July
1927.

Do.

Do. . (485) H. 8. Zahlmddin Coal . P. L. 198 19th Febru-
ary 1927.

Da

Do. (486) Mr. Hussain
Khan.

Manganese . P. L. 203 17th January
1927.

Do.

Do. . (487) Do. Do. P. L. 74 Do. Do.

Do. . (488) Mr. SamluUa
Khan.

Do. P. L. 222 12th Febru-
ary 1927.

Da

Do. . (489) Mr. Komaloband
Jain.

Do. P. L. 5 11th May
1927.

Da

Do. (490) Messrs. Oopaldas
and Kemalchand.

Do. P. L. 242 18th May
1927.

DC,

P, L^^Proipeding JActnu. M. L. •» Mining Lem.
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Chhlndwara (491) 3fe«n. (^opaldos

and Nemtichand.
Manganeso . P. L. 267 18th May

1927.

lyear.

Do. . (49S) Do. Do. P. L. 106 Do. Do.

Do. (498) Tbaknr Eandhlr
Shah, Jagirdar.

Coal . P. L. 146 19th January
1927.

Do.

Do. . (494) Do. Do. . P. L. 448 26th March
1927.

Do.

Do. . (496) Newton CJhIkhli

ColMory.

Do. . P. L. 820 18th Febru-
ary 1927.

Do.

Do. . (496) Shrimant B. P.
Bntl.

Do. . P. L. £84 22nd June
1927.

Do.

Do. . (4^ Mr. Hussain
Khan.

Manganese . P. L. 59 18th May
1927.

Do.

Do. . (498) Mr. F. I4 . 8 .

Simpson.
Do. P. L. 617 26th March

1927.

Do.

Do, . (499) Mr. Eomal-
ohand Jain.

Do. P. L. 10 11th May
1927.

Do.

Do. , (600) Mr. Hussain
Eoan.

Do. P. L. 128 16th Febru-
ary 1927.

Do.

Do. . (601) Mr. E. P. Muda.
Uar, Proprietor of

the Independent
Trading Gompany.

Do. P. L. 180 16th Septem-
ber 1927.

Do.

Do. (602) Mr. Hussain
Khan.

Do. P. L. 54 8th August
1927.

Do.

Do. . (608) Mr. K. C. Gupta Do. P. L. 76 1st Septem-
ber 1927.

Do.

Do. . (504) S. Laxman Eao
and B. Narslngh Eao
Naidu.

Do. P. L. 125 29th October
1927.

Do.

Do. . (C06) Mr. Hussain
Khan.

Coal . P. L. 680 Do. Do.

Do. , (506) Messrs. B. Fouz-
dar and Brothers.

Mica . P. L. 101 21st Decem-
ber 1027.

1)0 .

Drag . (607) Nawab Nlaiud-
din Khan.

Galena P. L. 182 80th August
1927.

Do.

Do. (606) Mr. Laxml-
narayan Hardeo.

Do. M. L. 14 3rd Novem-
ber 1927.

6 years.

Jubbulpore. (609) Mr. P. C. Dutt,
Nagpur.

Manganese . M. L. 4 26th Febru-
ary 1927.

28 years.

Do. (610) Mr. M. Venkat
Eamanna, Katnl.

Do. 144 81st March
1927.

1 year.

Do. (611) Do. Do. £19 Do. Do.

Do. (612) Do. Bauxite 26 86th May
1927.

Do.

Do. (618) Mr. C. Stanley
Harris, Balaghat.

Do. IB 76 6th January
1927.

Do.

?, 1 . » ^otpecHng Lieen$e, M. Ii. — Mining Ltan^
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.Tubbulport*. (614) M. 0. MftDley

Hoirlf,

Baiutte . • P. L. 74 5th January
1927.

1 year.

Do. (515) Pandit Chakorl
UUPothak.

Do. P. L. 8 10th March
1927.

Do.

Do. (516) Mr. 0. Stonley
Harris, Balaghat.

Manganese . M. L. 50 12th July
19r.

SO yean.

Do. (517) Mr. N. Vonkat
Ramanna, Katni.

Bauxite P. L. 226 20th July
19r.

1 year.

Nagpur (518) Messrs. Oanpat-
sao Dhanpatsao.

Manganese . P. L. 89 9th August
1927.

Do.

Do. (519) Mr. M. A. Eaiaq Do. M. L.
(Supple-
mentary).

31 30th Jnly
1927.

4 yean.

Do. (5S0) Do. Do. P. L. 59 2Srd June
1027.

1 year.

Do. (5il) Mr. Shamil
Narainli.

Do. P. L. »0 8rd January
lor.

Do.

Do. (522) Mr. Hoor
Mohamad Metha.

Do. K. L. 119 26th January
1927.

80 yean.

Do (523) Seth Eaghonath
Das Bhamka.

Do. M. L. 41 21st January
1927.

10 years.

Do. (524) Mr. Noor Moha-
mad Metha.

Do. M. L. 494 1st April

1927.

80 years.

Do. (625) Do. Do M. L, 182 25th January
1927.

Do.

Do. (526) Mr. M. A. Basaq Do. P. L. 18 8th Febru-
ary 1927.

1 year.

Do.

j

(627) Mr. B. Vlnayak
Bao.

Do. P. L. 45 81st January
lor.

Do.

Do. (528) Mr. Noor Moha-
mad Metha.

Do. P. L. 574 21st Septem-
ber lOr.

Do.

Do. (529) 3Ir. M. A. Baaaq Do. P. L. 10 12th April
lor.

Do.

Do. (530) Do. Do. P. L. 185 19th Augvt
1027.

Do.

Do. (531) The Berar Mining
Association.

Do. P. L, 218 19ih March
1927.

Do.

Do. (532) Mr. M. A. Basaq Do. P. L. 129 24Mi June
1927

Do.

Do (688) Do. Do, P. L. 82 28rd June
1927.

Do.

Do. (684) The Berar Min-

ing Association.

Do. P. L. 45 19th Mardi
1927.

Do.

Do. (586) Do. Do. P. L. 86 29th June
19r.

Do.

Do. (586) Mr. L. D. Lele . Do. P. L. 806 20th Jnly
1927.

Do.

J4."‘Proipteting Lieeim, M.
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NaRpur (M7) Mr. A. V. Waaa -

war.
Mangane^o . P. L. 189 16th Pebni-

ary 1927.
1 year.

Do. (&S8) Mr. B. D. Vyaa . Do. P. L. 49 4th Febru-
ary 1987.

Do.

JDa (639) SettiBamkriabna
Banmath.

Do. P. L 87 ISth January
1927.

Do.

Do- (540) The Berar Min-
ing .ABsodaUcn

Da . P. L. 600 4th June
1927.

Do.

Do. (541) Mi M. A. Bazaq Do. P. L. 148 28rd June
1927.

Da

Do. (642) Mr. L. D. Lele . Do. . P. L. 160 8th Febru-
ary 1927.

Do.

Da (648) K. 8. Mohamad
Takub.

Do. P. L. 67 22nd January
1027.

Do.

Do. (544) Messn. Bhola-
nath Dae and Com-
peny.

Do. P. L. 68 29th January
1927.

Do.

Do. (545) air Hart Bingh
Gour.

Do. P L. 651 4th Febru-
ary 1927.

Do.

Dp. (546) Mi. M. a. Basaq Do. P. L. 70 12th April
1927.

Do.

Da (547) Mewin. Bhola-
nath Das ard
pany.

Do P. L. . 42 29th January
1927.

Do.

Do. (548) Do. Do. P. L. 160 let April
1027.

Do.

Do. (549) Mr. Bhawanji
HaralnJL

Do. P. L. 128 29th March
1027.

Do.

Da (550) Mr. M. A. Kazaq Do. P. L. 81 12th January
1927.

Do.

Do.
(5^^) ]^. Mangtl Do. P. L. 184 18th January

1027.
Do.

Da (552) Beth Bamkrishna
Bamnath.

Do. P. L. 12 22nd January
1927.

Do.

Da (568) Meears. Murll-
dhar and Budhulal.

Do. P. L. 100 Ist February
1927.

Do.

l>o. (664) Do. . Do. P. L. 88 Do. Do.

Do. (555) Mr. Bhowanjl
NarainJI.

Do. . P. L. 98 16th Septem-
ber 1921

Do.

Do. (65^ Sir Maneckjoe B.
Dadabhoy.

Do. P. L. 121 29th June
1927.

Do.

Da (557) Mr. a. B. Totade Do. P. L. 157 18th April
1927.

Do.

Do (558) Thakor Klsan
Singh.

Do. P. L. 64 12th May
1927.

Do.

Do. (559) Mr. Bhawanji
Harainjl.

Do. P. L. 89 8rd January
1927.

Do.

^ - ProipteOiii Umu. U.L.-UMtiUm^
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Nagpur (660) Sir Manockjeo B.
Dadabhoy.

Mungmcse 87 26th April

1927.
1 year.

Do. (661) Ifeeer^. The
Independent Trad*
ing CO.

Do. 06 18th Jane
1927.

Do.

Do. (6d2) Mr. Mayal Singh Do. P. L, 66 14th April

1927.
Do.

Do. (56«) Do. Do. P. L. 218 18th April

1927.
Do.

Do. (R64) Do. Do. P. L. 64 19th April
1927.

Do.

Do. (666) Do. Do. P. L. 60 81 h March
3927.

Do.

Do. (666) Mean. M. D.
Zal A Broe.

Do. P. L. 43 9th May 1927 Do.

Do. (667) Do. Do. P. L. 67 80th July
1927.

Do.

Do. (608) Mr. Bhawanjl
Narainjl.

Do. P. L. 81 6th March
1927.

Do.

Do. (660) Mr. 8. C. Dass
Gupta.

Do. P. L. 165 29th March
1927.

Do.

Do. (670) Mr. N. G. Boee Do. P. L. 26 20th January
1927.

Da

I>0. (571) Mr. Mangal
Singh.

Do. . .
i

1

P. L. 66 80th March
1927.

Da

Do. (672) Mr. Bhamjl
Narainjl.

Do. P. L. 28 8rd January
1927. Do.

DO. (578) Mr. Mangal
Singh.

Do. P. L. 26 7th January
1927.

Do.

Do. (674) Messrs. Morll*

dhar and BudhulaL
Do. P. L. 228 18th August

1927.
Do.

Do.

Do.

(676) Messrs. C. Har*
mosji and N. Bus*
tiunjl.

(676) Do.

Do.

Do.

P. L.

P. L.

268

41

8rd Janaary
1927.

Do.

Do.

Do.

Do. (677) Do. Do. P. L. 116 8th April
1927.

Do.

Do. (678) Nawab Noazud-
din Khan.

Do. P. L. 240 7th October
1927.

Do.

Do. (670) Mr. Mangal
Singh.

Do. P. L. 62 29th July
1927.

Do.

Do. (680) Messrs. C. Har-
mosji and K.
Bustum]!.

Do. P. L. 88 24th March
1927.

Do.

Do. (681) Mr. Bhawanji
Narainjl.

Do. P. L. 117 14th July
1927.

Do.

Do. (662) Messrs. Kar A
Co.

Do. P, L. 460 11th May
1927.

Do.

V. L. •-* lietnti. M. ^
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Nagpur

Do.

(588) BCessrs. C. Ear-
moB}{ and N.
Bnstamji.

(564) Do.

Manganese .

Da

P. L.

P. L.

8

58

8th April

1927.

24th March
1927.

1 year,

Do.

Do. (585) Do. Do. P. L. 442 10th Septem-
ber 1927.

Do.

Da (685) Mt, Bbawanji
NarainJL

Do. P. L. 58 17th October
1927.

Do.

Do. (587) Do. Do. P. L. 68 15th Auguat
1927.

Do.

Do. (588) Megan. Oanpat*
sao Dhanpataao.

Do. P. L. 89 19th Auguat
1927.

Do.

Do. (580) Do. Do. P. L. 10 8th Mardi
1927.

Do.

Do. (600) Do. Do. P. L. 184 Do. Do.

Do. (501) Nawab Neai-
uddln Khan.

Do. P. L. 87 7th October
1927.

Do.

Do. (502) Mr. Khoja
Mlthabhal Nath.

Do. . . P. L. 85 29th July
1927.

Da

Do. (508) Meean. Noaher-
wanJl Ardeahlr
Brothen.

Do. M. L. 7 16th Febru-
ary 1927.

80 yean.

Do. (504) Seth Klaandayal
Labhndiand.

Do. M. L. 50 27th October
1927.

15 yean.

Do. (605) Mr. Syed Baaul Do. M. L. 108 4th March
1927.

80 yean.

Do. (508) Mr. Mdheehpuil Do. M. L. 87 14th Febru-
ary 1928.

10 yean.

Dc. (597) Mr. Shamjl Nara-
injl.

Do. M. L. 27 8l8t Janu-
ary 1927.

16 yeaif.

Do. (508) Mr. Syed Hifzul

Kaqnlb.
Do. M. L. 58 lOtb March

1927.

Do.

Do. (500) Mr. S. Yinayak
Eao.

Do. M.L. 18 14th April

1927.

80 yean.

Do. (800) Seth Shrlklaan
Hazarimal.

Do. M. L. 4 28rd May
1927.

8 years.

Do. (001) Measra. Namdeo
Sao Dalai & Co.

Do. M.L. 00 5th April

1927.
1 year.

Do. (802) Mr. 0. E. Tolade Do. M.L, 15 10th May
1927.

5 yean.

Do. (808) Mr. Akbar AU . Do. M.L. 29 lit March
1927.

Do.

Do. (804) Mr. Moheahpuri Do. M.L. 88 14th Febru-
ary 1927.

10 yean.

Do. (805) Mr. M. A. Eazaq Do. M.L. 21 10th Novem-
ber 1927.

4 yean
and 14
days.

r.L.-fntn^UetiM, U.
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Nftgpnr (606) The Central
India, Mining Co.
Ltd.

Manganpflp . P. L. 160 10th October
1927.

1 year.

Do. (607) Beth Jagannath Do. P.L. 108 16th Sept-

ember 1927.

Do.

Do. (608) Nawab Neacnd-
din Shan.

Do. P.L. 158 6th July 1927 Do.

DO. (600) Mr. Sham]! Kara-
inji.

Do. P.L. 66 6th Decem-
ber 1927.

Do.

Do. (610) Hr. Bhawanjl
Narainji.

Do. P. L. 69 17th October
1927.

Do,

Do. (611) Mr. Sham]l Nara-
inji.

Do. P. L. 182 17th October
1927.

Do.

Do. (612) Messrs. Ganpat-
sao Dhanpatsao.

Do. P.L. 66 18th August
1927.

Do.

Do. (618) Seth Jagannath Do. P.L. 21 14th July
1927.

Do.

Do. (614) Nawab Neaznd-
dln Khan.

Do. P.L. 166 7th October
1927.

Do.

Do. (616) Do. Do. P.L. 118 2nd Septem-
ber 1927.

Do.

Do. (616) Do. Do. P. L. 186 22nd July
1927.

Do.

Do. (617) Mr. Bhawanjl
Narainji.

Do. P.L. . 66 17th October
1927.

Do.

Do. (618) Mr. Syed Hlfsul
Baqnib.

Do. P. L. 181 29tb April
1927.

Do,

Do. (619) Mr. Yadulal
Bhodolal.

Do. . P. L. 120 16th Septem-
ber 1927.

Do,

Do. (620) Thaknr Klsan
Singh.

Do. P. L. 112 2nd August
1927.

Do.

Do. (621) Nawab Ncaiud*
din Khan.

Do. P.L. 128 2nd Septem-
ber 1927.

Do.

Do. (622) Seth Gopaidas
Nemlchand.

Do. P. L. 186 17th October
1927.

Da

Do. (62S)Mr.Mangal Singh Do. P.L. 74 29th July
1927.

Do.

Do. (624) Mr. Shamjl Nara-
inji.

Do. P.L. 11 17th October
1927.

Do.

Do. (626) Mr. K. C. Gupta Do. . . P.L. 682 17th June
1927.

Do.

Do. (626) Messrs. C. Ear-
mosjl and N. Eos-
tnrnji.

Do. . P. L. 66 16th Septem-
ber 1927.

Do.

Do. (627) Mr. Mangal Singh Do. P. L. 40 18th July
1927.

Do.
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Nagpur (628) Mr. M. A. EaEaq Manganese P. L. 227 22nd July
1927.

1 year.

Do. (629) Mr. Mangal Singh Do. . P.L. 116 29th April

1927.

Do.

Do. (630) Nawab Neoxud-
dln Khan.

Do. P.L. 29 24th June
1927.

Do.

Do. (681) Do. Do. P.L. 7 Do. Do.

Do. (682) Meian. C. Ear-
moijl and N. Bub-
tumji.

Do. P.L. 111 16th Septem-
ber 1027.

Do.

Do. (088) Do. Do. P.L. 10 15th Septem-
ber 1027.

Do.

Do. 4 (684) Mr. Mangal Singh Do. * P.L. 14th October
1027.

Do.

Do. (685) Mr. S. C. Das
Gupta.

Do. P.L. 874 16th July
1927.

Do.

Do. (686) Mr. Mangal Singh Do. P.L. 287 29th July
1027.

Do.

Do. (687) Sir Hori Singh
Goar.

Do. P.L. 819 4th Novem-
ber 1927.

Do.

Do. (688) The Central India
Mining Company,
Ltd.

Do. P.L. 48 18tb October
1927.

Do.

Do. (689) Mr. B. V. Butl . Do. P.L. 68 2lBt Septem-
ber 1927.

Do.

Do. (640) Mr. Mangal Singh Do. P.L. 148 11th Novem-
ber 1927.

Do.

Do. (641) Mr.' Bbawanli
Narainji.

Do. P.L. 16 17th October
1927.

Do.

Do. (642) Mr. Mangal Singh Do. P.L. 141 11th Novem-
ber 1927.

Do.

Do. (648) Mr. X. G. OupU Do. P. L. 50 28th Septem-
ber 1^7.

Do.

Do. (644) Mr. Mangal Singh Do. P.L. 87 14tb July
1027.

Do.

Do. (646) Sir M. B. Dada-
bhoy.

Do. P.L. 110 6th Decem-
1927.

j

Do.

Do. (646) Meagr*. C. Ear-
moeJl and N. Bus-
tumjL

Do. P.L. 78 15th Novemn
!

her 1927.

Do.

i

IK). •
1

i

(647) Meears. Ganpat-
Bao Dhanpatsao.

Do. M.L. 10 9th Novem-
ber 1927.

20 years.

Do. (648) Meears. Sharoii

Narainjl.
Do. M.L.

(Supple>
inentary
agreement#)

1 2lBt April
1927. j

1 year.

Do. (649) Mr. Maheehpurl Dft. . .

‘

Do. 50 9th May 1927 5 years.

r.l.’-PrtiftelkifUoeim. H. L-ITMif £«»•.
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Bellary (660) Mr. K. A. Hye . Manganese • • M. L. 1,508 16 20th Janu-
ary 1927.

80 years.

Do. (651) Meesrs. Oomer
Balt & Oo.

Do. P, L. 858*51 29th Joly
1927.

1 year.

Do. (662) The Mana^ng
Director, Sree Nag-
eswara Mining Com-
pany.

Do. P.L. 71-90 28th April
1927.

Do.

Cuddapah . (658) Mr. B. Sltarama-
ohar.

Asbeatoa P. L. 184-68 9th May 1927 Do.

Do. (664) The Mysore Deve-
lopment Syndicate.

Do. P.L. 780-06 20th July
1927.

Do.

Do. (655) Nabi Sahib Barytes P.L. 62-08 26th August
1927.

Do.

Kumool (656) Mr. V. Venlcata

Spbayya Pantulu.

Do. P. L. 2-48 7th June
1927.

Do.

Do. (657) Do. Do. P.L. 1-65 Do. Do.

Do. (658) D. Ashroff Hua-
laln Khan.

Do. P.L. 84-29 16th Febru-
ary 1927.

Do.

Do. (650) Do, Do. P.L. 01-20 24th June 1927 Do.

Do. (660) Mr. V. Vonkata-
subbayya.

Do. P.L. 1-85 2lBt March
1927.

Do.

Do. (061) D. Ashroff Hua-
saia Khan.

Do. P.L. 24-50 26th June 1927 Do.

Do. (662) Mr. B. P. Seaba
Eeddl.

Do. P.L. 6-20 6th Decem-
ber 1927.

Do.

Do. (663) Do. Do. P.L. 16-22 4th October
1927.

Do.

Nellore (664) Mr. B. Eama-
Ungayya Ohetti.

Mica M. L. 80-60 16th Decem-
ber 1926.

CO years.

Do. (665) Mr. Bangarayya
Chottl.

Do. M.L. 891-18 2nd Febru-
ary 1927.

Do.

Do. (666) Mr. M. Daaaratha-
raml Eeddi.

Do. M.L. 38-82
31-88

10th Decem-
bar 1926.

Do.

Do. (667) Mr. M. Eama Bao Do. P.L. 4-29 Slst January
1927.

1 year.

Do. (668) Mr. A. Pltchayya
Nayndu.

Do. P.L. 117-21 Do. Do.

Do. (669) Mr. S. Vonkata-

subba Kayudn.
Do. M.L. 21-89 19th Febru-

ary 1927.
30 years.

Do. (670) Do. Do. M.L. 50-61

.

16th March
1927.

Do.

Do. (671) Mr. Pathabhlram
Eeddl.

Do. • • P.L. 102-98 4th January
1927.

1 year.

Do. (672) Mr. G. Venkata-
chalam Chettl.

Do. • M. L. 9-80 25th Decem-
ber 1926.

30 years.

t,l.~Pt9tptcttKt Uemm. H. L.-i(MiV XtMM.
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MADBAS—

DWrtot. Qnmtee. Mineral.
Nature

of
grant

Areainacree.
Date of

conunenee*
ment

Term.

Nellore (678) Mr. E. Eamalln-
gftm OhetU.

Mica M. L. 82-14 9th March
1027.

80 years.

Do. . (674) Mr. T. Eama8ub>
baEeddl.

Do. P. L. 48-68 27th May 1927 1 year.

Do. (676) Mr. M. Eama
Eao.

Do. P.L. 86-10 19th Pebru-
ary 1927.

Do.

Do. (676)Mr.M.Dauratha-
ramlEeddi.

Do. M.L. 0*48 Ist April
1927.

80 years.

Do. (677) Mr. 0. Venkata-
raml Ohettl.

Do. P.L. 27*78 7th January
1927.

1 year.

Do. » (678) Mr. G. VenkaU-
ohalam Ohettl.

Do. P.L. 00*02 9th March
1927.

Do.

Do. (67D) Mr. G. VenkaU-
chalam Ohettl.

Do. P.L. lOth Febru-
ary 1927.

Do.

Do. • (680) Ml. 0. Pattabhi-
ramayya.

Do. M.L. 9*68 2dth July
1927.

80 years.

Do. (681) Mr. G. Ohenchn-
Bubba Eeddl.

Do. M. L. 16*18 I2th January
1027.

Do.

Do. (682) Mr. A. B«ma
Najrnda.

Do. P.L. 132*81 6th Novem-
ber 1927.

1 year.

Do. . (688) Mr. A. Sankar*
ayya.

Do. P.L. 6*80 0th May 1027 Do.

Do. • (684) Mr. A. Sandara-
rami Eeddl.

Do. M. L. 44*80 28th July
1927.

80 years.

Do. (686) Mr. P. Chensa
Eeddl.

Garnet
;

P. L. 64*70 13th Decem-
ber 1926.

1 year.

Do. (686) Mr. P. Gunnayya Mica P. L. 4*40 16th March
1927.

Do.

Do. (687) Mr. M. Dasaratha-
rami Eeddl.

Do. M.L. 66*86 19th Febru-
ary 1927.

80 years.

Do. (688) Mr. P. Gunnayya
Ohettl.

Do. M.L. 14*61 14th July
1927.

Do.

Do. (680) Mr. P. Venkata*
Subba Eeddl.

Do. P. L. 66*76 2&th March
1927.

1 year.

Do. (690) Mr. Q. Ohenohu-
subba Eeddl.

Do. P.L. 18*61 80th Septem-
ber 1927.

Do.

Do. (601) Mr. Ohunder
Eamlab Ohettl.

Do. P. L. 27*76 27th May
1927.

Do.

Do. (692) Mr. A. Narasln-
gham.

Do. P.L. 1*27 18th Novem-
ber 1027.

Do.

Do. (698) Mr. p. Lakshml-
narasa Eeddl.

Do. M. L. 3*48 19th October
1927.

80 years.

Do. (694) Ahamad Nawaz
Zang Bahadur.

Do. M. L. 26*49 26th August
1927.

Do.

Do. (696) Mr. K. Kadan-
<Uiaml EaddL

Do. 29*56 16th Septem-
ber 1(07.

1 year.

P. h.-PnifteHit} Ueum. U. Um.
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MADRAS

—

contd.

IDiitrlot Grantee. Mineral.

Nature
of

grant.

Area in acioA.

Date of

commence-
ment.

Term.

Nellore (096) Mr. K. Linga
B4Nldi.

Mica . P. L. 806 20th July
1027. h

1 Tear.

Do. (007) M)r. I. Damasubba
Eeddl.

Do. P. L. 4*16 10th Septem-
ber 1027.

Do.

Do. (008) Mr. G. Chon-
chayya.

Do. P. L. 1'45 27th Septem-
ber 1027.

Do.

Do. (600) Mr. P. Venkayya Do. P. L. 60-34 25th Anguat
1027.

Do.

Do. (700) Do. Do. P. L. 7810 Do. Do.

Do. (701) Mr. K. Kodan-
di«m Eeddl.

Do. P. L. 20*56 16th Septem-
ber 1027.

Do.

Salem (702) Mr. 8. K. Earaa-
chandar.

Maffoeeltc and M. L. 678-02 4th Decem- 80 yeait.

Chromite. ber 1027.

Do. (708) Mr. E. Alagappa
Mudallyar.

Do. P. L. 82-96 21st Decem-
ber 1027.

1 year.

Trichlnopoly
1

(704) Middleton Phosphate nodules

1

P. L. 480-22 11th May
1027.

Do.

NORTH-WEST FRONTIER PROVINCE.

Bannu (706) Messrs. The Indo
Burma Petroleum
Company, Ltd.

Natural petroleum
(Induding natural

gas).

P. L. 8040-0 August 1027 1 year.

Dera Ismail
Ehan.

(706) Do. Do. P. L.

(Eenewal)
6720-0 0th March

1027.
Do.

Do. (707) Do. Do. P. L.
(Renewal)

2005 -2 lOtii Septem-
ber 1027.

'!

Da

Do. (708) Messrs. The Bur-
ma Oil Company,
Ltd.

Do. P. L. 4608-0 0th May 1027 Do.

Do. (709) Messrs. The Indo
Burma Petroleum
Company, Ltd,

Do. • P. L. 150 Ist Septem-
ber 1927.

Da

Do. (710) Messrs. The Bur-

ma Oil Company,
Ltd.

Do. E. L. 6 miles wide
and 8 miles
either side

track from
Doraban d
to 8 miles

be y 0 nd
Moghalkot.

80th Novem-
ber 1027.

Do.

P. L. •^J*rotptding Lio&iue. M. L,-Mining Um, K. L. a^Exploring Lkmm.
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PUNJAB.

District.

1

Qranti^e. Mineral
Natnre

of

grant
Aiealnaoree.

Date of

commence-
ment

Term.

Jhelum (711) L. Bant Earn
Eapnr, B.Bc.

Coal . P.L. 144*44 Srd Septem-
ber 1927.

1 year.

Mlanwali . (712) Messrs. The At-
tock Oil Company,
Ltd.

Mineral Oil P. L. 600*0 15th October
1927.

2 years.

Do. (718) The African Cons-

truction Corporation,

Ltd.

Do. P.L. 8066*6 25th Jannary
1927.

Do.

ShohpOr and
Attook.

(714) Do. Do. P. L. r 8827*2

< 3168*0

L 669*2

ard January
V 1927.

Do.

P. L.- Proipectwg Lioem. M. L. «>Mining Iaoh.

SUMMARY.

ProTinoe. Exploring
License.

Prospecting

License.

Mining
Lease.

Total of each
Province.

Ajmer-Merwara 21 2 23

Assam 14 1 15

Baluchistan ....... 1 1 6 8

Bengal 1 1

Bihar and Orissa • • 5 16 21

Bombay •• 6 8 8

Burma 248 14 262

Central Provinces *• 261 50 811

Madras .* 88 17 55

B. W. F. Province 1 5
1

6

Punjab * 4 4

Total of each kind and grand total, 1927 2 603 109 714

Total (or 1926 1 616 (a) 141 758

<0) lucludcB fevftwry lewet.
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Classificatioa oi. Licenses and L>easesr

Table 42 .—Prospecting Licenses and Mining Leases granted in Ajmer

Merwara during the year 1927.

Distbiot.

1927.

No.
Area in

aores.
BlineraL

Ajmer
Do

Beawar ....
Do

Tot.al

PaOSPHOTIKC

14
1

1

5

} Liobnsbs.

45*4
1

1*8
1

7-3

201

Mioa.
Mioa and beryl
Graphite.

21 ••

Ajmer
j

Mining Leases.

1

2
j

Not stated.

|1

Mioa.

Tablb 43.—Prospecting Licenses and Mining Lease granted in Assam

during the year 1927.

1

District.

1927.

No.
Area in

acres.
Mineral

J

Caohar ....
Jjakhimpur ....
Nowgong ....
Sadiya Frontier Tract .

Sibs^ar ....
Do

Total

E^ospbotino ]

2
6
3

i 1

2
1

Licenses.

6,035*2

18,681 0
4,608*0

2,240*0

7,8400
3,488*0

Mineral oil.

Do.
Crude petroleum and its

assooiated hydrocar-
bon.

Mineral oiL

Oil and coal
Oil and its assooiated

hydrocarbon.

14 ••

Khasi and Jainiia Hills

.

|

Mining L]

1

SASE.

1,920*0

1

Corundum and ailU ma-
nite.
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Table H.—Exploring and Prospecting Licenses and Mining Leases

granted in Baluohistan during the year 1927.

Bxstriot.

1027.

No.
Ana iQ

aona.
MineraL

Sibi • • •
•

1

Explobiko liiojmaB.

1

1
1

261,U0
1

Minenl oil

KaUt .

PBOSFsoTora Lioxksb.

1

1
1 11

Mineral oiL

Quatta JE^hin . .
.

^Zhob • « * • «

Total

Minino L
1

5

BASES.
80
50

Coal and ooal dust.

Chromite.

6 *•

Table 45 .—Prospecting License granted in Bengal during the year

1927.

Dibthiot*

1927.

No.
Area in

aorea.
MineraL

Ohittagong Hill Traoto . 1 4»313*6 Mineral oiL

Table 46 .—Prospecting Licenses and Mining Leases granted in Bihar

and Orissa during the year 1927.

Disteiot,

1927.

No.
Area in

aorea.
MineraL

Sin^hhum • • • •

• • • •

Total •

PBOSPBOnNO

1

*

L *

Liojufsxs.

1»865*06

1^*66
Manganeae and iron ore.

HOI a •
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Table 46.—Prospecting Licenses and Mining Leases granted in

Biha/r and Orissa during 1927—oontd.

District.

1927.

No.
Area in

acres.
Minerals.

Santal Parganas .

Hinghbhom ....
Do
Do. ....

Total

Mining ]

13
1

1

1

Leases.

43*24
296*00
133*24
82*20

CoaL
Chromite.
Manganese.
Iron ore.

16 ••

Table 47.—Prospecting Licenses and Mining Leases granted in the

Bombay Presidency during the year 1927,

Distbiot.

1927.

No.
Area in

acres.
Mineral.

lielgaum ....
Kanara ....

Total

Pbospecting

2
3

Licenses.

2,698
2,370

Bauxite.
Manganese.

6 ••

Mining Leases.

Kanara . . .

.

j

^
j j

Manganese.

Table 48.—Prospecting Licenses and Mining Leases granted m Bwrnu
during the year 1927,

Distbiot.

1927.

No.
Area in

acres.
Mineral.

]

Akyab • • . •

Amherst • • . *

Pbospbotino j

8

11

Licenses.

26,806*8

12370*4

Natural petroleum (in-

cluding natural gas).
All minerals except natural

petroleum.

a 2
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Tablb 4A,—Pfatpettm§ Licenm omd^ Mining peases granted in

Burma during l;i27^-GoaiA.

1927.

Distbiot.

.
Ko.

Area in

aoree.
Mineral.

Pbospeotinq Lioenses

—

corUd*

Amherst • • 3 18,560-0 Oil shale.

Do. 2 2,835*2 Ajitimony.
Lower Ohindwin . 10 30,269*2 Natural petroleum (in-

cluding natural gas).

Magwe 5 5,610*4
346-6

Do.
Moiktila 1 All minerals and coal.

Mergni 63 34,553-6 Tin and allied minerals
except mineral oiL

Do. 21 18,412*8 Tin.
Do. 19 22,604*0 All minerals except oil.

Do. 1 61,200-0 Tin and gold.
Do. 2 1,331*2 Tin and other minerals

except oil.

Do. • • 2 691*2 Tin and all minerals ex-
cept coal and mineral
oiL

Hinbn 2 908*8 Natural petroleum.
Myingyan 1 2,809-6 Do.
Northern Shan States 1 268-8 All minerals and preoious

stones.
Do. 2 313*6 Iron ore.

Pakokku 6
'

4,640-0 Natural petroleum.
Shwebo 2 10,663-6 Do.
Southern Shan States 16 25,862-8 All minerals except oil.

Do. 1 160-0 Coal.
Tavoy 43 32,160*0 Tin and wolfram.
Thaton 6 12,431-3 All minerals except oiL
Thayetmyo . 12 29,181-4 Natural petroleum.
Toongoo 1 1,280-0 All minerals except natu-

ral petroleum.
Upper Chindwin . • 5 16,480*0 Natur^ petroleum in-

cluding natural gas.
Do. . • 3 2,048*0 Goal

Total 248 ••

MiNQro Leases.

Amherst , , 1 1,008*0 Tin ore.
Mei^^

Do.
. , , 4 3,200*0 Do.

1 1,076*2 AU minerals except na •

turai petzoleum and na*
tnral gat.
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Tabls 48.^—Prosp^ing Licenses and Mining Leases granted in

Burma during 1927—contd.

Distbiot.

1927.

No.
Area in

acres.
MineraL

Minbu ....
Northern Shan States .

Tavoy ....
Do

Total

Mining Leas

1

1

4
2

IKS

—

conid,

640*0

172*8

1,683*2

678*4

Natural petroleum (in-

cluding natural gas.

Iron ore.

Tin and wolfram.
Tin, wolfram and allied

minerals.

14 ••

Table 49.—Prosfeeling Licenses an

Central Provinces dur

d Mining Leases grarUed in the

ing the yem 1927.

Distbiot.

1927.

No.
Area in

acres.
MineraL

Balaghat
Betul .

Bhandara
Bilaspur

Do.
Do.

Chhindwara .

Do.
Do.

Drug .

Jubbulpore .

Do.
Nagpur

Pbospboting

76
1

29
1

1

4
23
7
1

1

2
6

111

Licenses.

8,989
634

2,908
200

11,900
20,794
3,861
2,662
101
132
363
404

13,262

Manganese.
Limestone.
Manganese.

Do.
Coal and iron.

CooL
Manganese.
Coal.

Mica.
Galena.
Manganese.
Bauxite.
Manganese.

Total 261 ••

Balaghat
Bhandara •

Drug .

Jubbulpore .

Nagpur

.

Mining I

19
7

1

2
21

LEASES.

769
139
14

54
1,621

Manganese.
Do.

Galena.
Manganese,

Do.

Total 60 ••
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Taslb 60.—Prospedung Licenses and Mining Leases granted in

Madras during the year 1927.

Dibtbiot,

1927.

No.
Area in

acres.
Mineral,

Bellwy ....
Cnddapah ....

. . . !

Knmool ....
NeDore

I>o . . . .

.*

Salem
Tiiohinopoly .

ToTAIi

PROSPBOTINO

2
2
1

8
22
1

1

1

Liobnsbs.

925*41

914*59
62*08
145*84

897*47

54*79

82*96

430*22

Manganese.
Asbestos.

Barytes.

Do.
Mica.

Qainet.
Magnesite and chromite.

Phosphatio nodules.

38 ••

Bellaiy ....
Nellote ....
Salem

Total

Mining L
1

15
1

BASES.

M03*16
820*64
578*92

Manganese.
Mica.

Magnesite.

17 ••

Table 51.—Prospecting and Exploring Licenses

F, Province during the year .

granted in the N.-W.

1927.

Distbiot.

1927.

No.
Area in

acres.
Minara.lT

Bannu ....
Dera Ismail Khan

Total

PROSPBOTINO

1

4

Liobnsbs.

3.040*0

14.473*2

Natural petroleum in-

cluding natural gas.

Do.

5 ••

Exflobiko Liobksb.

Dera Ismail Khan
1

j

Not stated,

j

Natural petroleum in-

cluding natural gas.
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Tablb 62.—Prospecting Licenses granted in the Punjab during the

year 1927.

Distbiot,

1927.

No.
Area in

acres.
IfineraL

Jbelum .... 1 144*44 CoaL
Miaiiwali .... 2 3,565*60 Mineral oil
Shahpnr and Attook 1

;

7,654*40 Do.

Total 4 ••
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Note on Coking Tests made with Gondwana
Coals. By Cyril S. Fox, D.Sc., M.I.Min. E., F.G.S.,

Officiating Superintendent, Geological Survey of India.

I.—Introductory Remarks.
' i subject of India’s reserves of f»ood quality coking coal was
* discussed two years ago by members of the Mining and Geo-

logical Institute of India.^ An impression was created at these meetings

by some of the most experienced mining engineers that the supplies

of coking coal, capable of yielding coke of metallurgical quality, were

strictly limited.® Also, that, of these available reserves, by far the

larger proportion was located in seams 12 to 18® in the Jharia coal-

» Tram. Min. Oeol. /nxf. India, Vol. XX, 1926, pp. 118-133 ; 1926, pp. 331-422.

•Op. cH., 1926, pp. 348-358, Mr. R. 0. M. Bathgate of the East Indian Coal Company
laid :

—
“ My own rough figures of the good coking coals of -Jharia allowing for the known

natural-coked areas give 1,100 million tons as the gross original virgin coking coal of the
field. From available records it would appear that, roughly, 180 million tons of coal to

date have been despatched from this field. Assuming three-fourths of this total to bo
first class coal, we have 136 million tons of good quality coal despatched. This figure of

135 million tons, however, is far from being the total amount of coal exjdoited to yield

these despatches. Mr. Trehamo Bees did not overstate the case when he put the working
loss at 33^ per cent, but to this latter figure must be added others bringing up a still more
formidable total. Boiler consumption amounts (in 1923) to 15 per cent, on the despatch
figure, or, using Treharne Rees’ figure for working losses, 10 per cent, on the gross coal.

Coal for labour, theft, etc., will ea.sily account for a further 7 per cent, on despatch figures

or, say, 5 per cent, on gross. Collecting these percentages wo got 33i pltis 10 plud 5s=48J
per cent. But this is not all. Fires, collapses, coal looked up under railway lands, coal

in barriers, etc., represent very considerable quantities of coal lost, and I consider I am
placing my estimate low by saying that 50 per cent, of the coal exploited is lost in

producing the coal available for despatch from collieries.”

“ To despatch 136 million tons of coal, therfore, means that 270 million tons have been
exploited, and the total of 1,100 million tons originally is now reduced to 830 million tons.

This figure of 830 million tons gross of good quality coking coal in the field will suffer all

the losses calculated for the past, unless hydraulic stowing becomes the general vogue.
Th© total amount available for despatch on present-day general practice is thus likely to

b© in the region of 50 per cent, of 830 million, t.e., 416 million tons.” Concluding he
says :

—
” If, however, I am out 26 per cent, or even 50 per cent, in my estimate, such

error would not detract from the grave seriousness of the situation.”

• Op. cit., 1926, p. 396 ; Dr. David Penman, Principal of the Indian School of Minos,
Dhanbad, stated :

—
” With regard to coal of good coking quality, I find that there is a

total of over 600 million tons available in 17, 16, 14A, and 14 seams down to a depth of,

say, 800 feet. If 13 seam is added, the total exceeds 800 millions ; and if a portion of 12
seam and a portion of 18 seam (both of which yield good coking coal) are added, the total

approximates to 1,000 millioii tons. This figure is not greatly in excess of Mr. !l^thgate’s

fVtimate of 830 million.'*
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field.^ It Was admitted that an excellent coking coal was being

wotked in the Karharbari seam in the Giridih coal-field, and that the

newer coal in the seams of Upper Assam abont Margherita produced

valuable coke. It was, however, pointed out that the Giridih lump

ooal was ear-marked for steam-raising purposes on the State Riiilways

and thfit the slack coal was made into coke for foundry purposes

in the railway workshops. The Assam coal was considered to be

too far away and generally too high in sulphur to be attractive to

the metallurgists of Bengal and Bihar.

The coking coal seams in Jharia belong to the lower section or

the Barakar stage of the Uamuda series. The same coal-bearing

hori»:ons occur in the adjacent coal-fields of Raniganj to the east-

south-east and Bokaro to the wesi of the Jharia field. It was known
that soft coke^ is made in both the above mentioned coal-fields, and

it was conceded that with blends of Jharia or Giridih coal with

Raniganj coal metallurgical coke could be made. These opinions regard-

ing the coking quality of the coal in the Raniganj field appear to

have been largely influenced by experiments conducted in 1919 by

G. C. Lathbury and G. W. Marshall.

Details of these experiments were published and circulated

ofiicially. In consequence of its limited circulation I have thought

fit to give this report in full (see below p. 296). My purpose is to

show that Messrs. Lathbury and Marshall restricted their investi-

gations to coals largely from the upper (or Raniganj) stage of the

Raniganj coal-field. As these seams cannot be correlated with

the coking coal seams of the Jharia and Bokaro coal-field the above

experiments cannot be considered as complete. The idea of further

tests was encouraged by Sir Edwin Hall Pascoe, Director of the

Geological Survey of India. In order to complete the investigation

] approached Mr. H. Lancaster, Superintendent in Charge of the

State Railway Collieries at Giridih. He very kindly consented to

allow Mr. G. W. Marshall, who was willing, to continue the experi-

ments. Wagon samples of coals of the lower (or Barakar) stage

were sent from the Raniganj, Bokaro and Karanpura coal-fields.

I am greatly indebted to Mr. C. S. Whitworth, Chief Mining

Engineer to the Railway Board, for the generous supply, free of all

charges, of upwards of 100 tons of wagon samples of the various

* Mr. R. R. Simpaon, Chief Inspector of Mines in India, had
^

previously estimated

the reserves of good quality coking coal for this field at 1,174 million tons.

* Known as * x>oorA koela ' and containing about 8 to 10 per cent, volatiles and 25 to

30 per cent. ash.
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ooalfl necessary for the tests. Mr. H. Lancaster kindly provided all

the Giridih coal for mixing purposes, free of cost. Messrs. Anderson

Wright, through Mr. J. H. Thomas, forwarded the wagon load of

normal Dhori slack without charge. Mr. N. Brodie of the #ovem-
ment Test House, Alipur, generously undertook to make drop teste

on the coke samples in order to arrive at a tolerably quantitative

estimate of the relative merits of the coke. Without this assistf nce

it is quite evident that these experiments could not have been made,

11 —Report on experiments carried out at Giridih by Messrs.

Q. C. Lathbury and G. W. Marshall in 1919 on certain

Coals for Coke-making.

*At the request of Sir (Jeorge Godfrey, Coal Controller, some

experiments were carried out at Giridih to find out whether certain

coals, which up to the present have been considered as non-coking,

would coke when mixed with coal of good coking qualities—Giridih

coal being of this latter class.
*
It was decided at first to make some laboratory experiments

before making actual tests in the ovens, and for this purpose the

Mining Engineer to the Railway Board picked out 20 different

representative varieties of coal from the Eaneegunge coal-field of

which the coking qualities were known to be doubtful, very poor or

non-existent.

* Samples were received from the following coUieries and the

analysis of the coal is shown opposite each :

—

SeiiAl
Ni; Owner or Agent . CdUery. Seam.

1 l

1

1 Aah.

1 Belmer Lawrle &
Company.

Joyramdanga Top or Barabonl . S-8 8£*55 58*06 18*60

2 Ditto. Ditto Bottom 8*0 81*06 57*65 10*50

8 Bird & Company . Gharanpore . Top . 4*1 8£*50 56*50 18*00

4 Ditto. Ditto Bottom 4*1 8S-20 56*85 11*46

-iJ
Martin & Company Obnalok ITega . 4*5 88*£6 51*00 » 14*86
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BeiM
Ha Owner or Agente. Colliery. Seam.

Moiature.

1

1

t
Fixed

Carbon.

.a
Oi

6 Martin A Comp tny Qhnaick Qhuslok 61 84*06 56*16 0*80

7 Balmer Lawrle A
Company.

Victoria Bamnagar . 1*8 20*80 62*50 8*20

8 Ditto Eenda Eenda 6-6 88*16 62*06 18*00

0 N. 0. Sircar Madhabpore Madhabpore 6-0 86*25 63*85 11*40

10 N. M. Ghondhnry. Jamehari Jamehari 4-8 80*45 47*06 21*60

11 Andrew Yule A
Company.

Sanctorla Hatnal 2*6 81*75 63*05 14*80

12 Ditto Ditto Diahergarh . 2*8 84*70 60*40 5*00

18 Ditto Ditto Sanctorla . 2*6 82*56 55*25 12*20

14 Linton Moleiworth Weit Qunge. 80 feet 1-8 20*25 50*90 10*85

15 Martin A Company Bamnagar . Eamnagar (bottom) 1*6 28*55 50*15 12*30

16 N. C. Sircar Babitol BabUol 7-8 38*86 52*85 14*80

17 8. Baneijee A Com-
pany.

Kajora Kajora 6-8 84*66 52*40 13*06

18 Turnbull Broe. Damagurla . Balanpur A . 1-4 22*10 62*10 16*80

10 P. K. Chatteriee . Eaat Nandi. Ohoukldanga 4*6 80*60 61*80 18*10

20 Bird A Company . Hat-Qorre . Bagbunathbutty .

1

8-8 81*76 48*65 10*60

Note.—

T

he volatile matter, fixed carbon and ash are reckoned on the dry sample after

driving off the moisture.

‘ Of the above, the laboratory experiments showed that it was

no use malring further investigations with regard to Nos. 10, 17, 19

and 20 as these could under no circumstances be utilised for coking.

‘ Many experiments were made in the laboratory by mixing with

difierent quantities of Giridih coal and, as a result, it was possible

to divide the coals up into different classes according to the quantity

of Giridih coal which it was thought would be necessary to mix with

them to obtain a resultant coke.
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‘ The following coals were picked out as lepresentiug the above

classes and practical experiments made in the ovens, Giridih coal

being ' mixed in the proportion shown.

Per cent, of

Giridih coal

used in mijcture.

Per cent.

1. Messrs. Balmer Lawrie and Comj>any’s Joyramdanga col-

liery—Bottom seam ....... 75

2. Messrs. Bird & Company’s Charanpurcollieiy—Top seam . 75

3. Messrs. Martin & Company’s Ghusick colliery—Ghusick seam 50

4. Messra. Andrew Yule & Company’s Sanatoria colliery—

Hatnol seam 25

5. Messrs. Andrew Yule & Company’s S^ ctoria ooliory

—

Dishergarh seam ........ 25

6. Messrs. Linton Molesworth & Company’s West Gunge col-

liery—30 feet seam ....... Nil.

7. Messrs. Martin & Company’s Ramnagar collierj’^—Ramnagar

(bottom) seam ........ Nil.

* The ovenB in which the experiments were made are Simon

Carv68’ vertical flue regenerative type bye-product ovens.

‘ The time taken over the coking was approximately 36 hours in

each case.

‘ The results pretty well confirmed the conclusions arrived at by
the laboratory experiments.

‘ Samples of the coke made are sent in boxes nmnbered as follows

and in each case 2 samples are sent marked A and B.
‘ A represents the better portion taken from the hottest part of

the oven. B represents the remainder.
‘ It ‘wiH' be seen in each case Idiat the higher heat produces a

better quality of coke.

No. 1 Box.—Messrs. Balmer Lawrie & Company’s Joyramdanga
colliery—Bottom seam ;

—

A 20 per cent, of the charge.

B 80 per cent, of the charge.

No. 2 Box.—Messrs. Bird & Company’s Charanpur colliery—Top
seam ;

—

A 40 per cent, of the charge.

B 60 per cent, of the charge.
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No. 3 Box.—^Messrs. Martin & Company’s Ghusick colliery

—

Ghusick seam :

—

A JO per cent, of the charge.

B 90 per cent, of the charge.

No. 4 Box.—^Messrs. Andrew Yule & Company’s Sanctoria. colliery

—Hatnol seam :

—

A 10 per cent, of the charge.

B 90 per cent, of tiie charge.

No. 5 Box.—Messrs. Andrew Yule & Company’s Sanctoria colliery

—^Dishergarh seam :

—

A 30 per cent, of the charge.

B 70 per cent, of the charge.

No. 6 Box.—Messrs. Linton Molesworth & Company’s West
Gunge colliery—30 feet seam :

—

A ' 40 per cent, of the charge.

B 60 per cent, of the charge.

No. 7 Box.—Messrs. Martin & Company’s Ramnagar colliery

—

—Ramnagar (Bottom) seam :

—

A 30 per cent, of the charge.

B 70 per cent, of the charge.

‘ As a result of our investigations we have come to the following

conclusions :

—

(1) Nos. 7, 14, and 15 are good coking coals, though the quality

of coke produced from them is not quite equal to that of

the coke made from Giridih coal.

(2) Nos. 11, 12, and 13, whilst being coking coals, do not produce

a satisfactory coke. We are satisfied, however, that

a good coke can be produced by a mixture of 60 per cent,

with good coking coal.

This especially applies to No. 12 on account of the low percen-

tage of ash in the coal—the result being a very much
cleaner coke. The coke made with 26 per cent. Giridih

coal and 76 per cent. Dishergarh coal only contained 14*6

per cent, of ash.

(3) The remainder are purely non-coking coals and, even when
mixed with 76 per cent, of Giridih coal, do not produce a

really 1st class coke as will be seen by an inspection of the

samples*
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The object o£ the experiments was to find out whether, by mixing

non-coking coals with coking ones, a good coke could be obtained and

thus increase the quantity of coal available for coke making. The

present sources of supplies of good coking coals are not by any means
inexhaustible and if good results could have been obtained by mixing

coals, then the outlook would have been much brighter.

^ The results, however, were disappointing though one cannot go

so far as to say that they were a failure.

‘ By mixing 25 per cent, of non-coking coal with 75 per cent, of

good coking coal a coke was produced but very much inferior to the

coke produced from the good coking coal by itself.

' Unless the supplies of coking coals are seen for certain to be

running very short then we think that little is to be gained by adopt-

ing the policy of mixing—^though it may come to this in the future.

‘ It would, we think, be a better pohcy to break up large coal

(good coking quality) and use it for coke making instead of other

purposes.

‘ The coke obtained by mixing is certainly inferior and to obtain

it we sacrifice a large amount of really good coke. When the non-

coking coals have a high percentage of ash then it is still more un-

desirable to resort to mixing as not only is the resultant coke of poor

quality, but it has the disadvantage of being very high in ash in

addition.

‘ When a non-coking coal of low ash is mixed with a good coking

coal the resultant coke may not be really first class, but it has the

advantage' of being cleaner.’

Ill—Report on Experiments carried out at Qiridih by Messrs.

H. Lancaster and Q. W. Marshall in 1927 on Coking Coals

other than Jharia.

‘ Further coking tests were carried out at Giridih, with the idea

of ascertaining whether or not the Indian reserves of coking coal

can be increased from sources outside the Jharia and Giridih coal-

fields.

^ The plants in which the experiments were carried out consist

of 50 Simon Carv6s vertical-flued regenerative ovens, with the

necessary plant for the recovery and treatment of the bye-products.

The ovens are
.
each 33 feet long, 8 feet high and 20 inches wide.
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and hold 10 tons of coal, yielding approximately 8 tons of coke on

carbonization.

‘ The small coal received for coking is discharged into an under-

ground hopper, from the bottom of which it is fed by a revolving

table on to a 24^ rubber belt, which carries it to the coal elevator.

‘ This elevator delivers it to the top of a ferro-concrete storage

bunker, having a capacity of 1,200 tons, with housing on the top for

disintegrators, which crush the coal to a fine powder.
‘ From the bottom of this bunker, the coal is dropped through

sliding doors into an electrically-driven charging car, which travels

along the top of the ovens, and is able to charge any of the ovens with

its load.

‘ The coke is pushed out of the ovens by means of an electrically-

driven ram which travels along the front of the battery.

‘ The gas, distilled off from the coal in the ov<^ns, is drawn away
through a 28^" gas main by means of rotary steam exhausters, and

is cooled by passing through a cylindrical air coo er, and a ‘ serpen-

tine ’ water cooler. It is then passed through a tar-extracting

machine, and afterwards through vertically driven mechanical
‘ scrubbers ’ where the ammonia is absorbed by means of a fine water

spray.

‘ About 50 per cent, ol the gas is then passed back to the ovens,

which are heated by burning the gas in a system of vertical flues

built between each oven. The surplus gas is burned in gas-fired

boilers at the power station.

‘ As we could not arrange to put the test coals through the disin-

tegrators, suppliers were asked to send only finely screened dust.

Dhori complied best with these instructions, and the benefit of coking

coal in a finely ground condition is easily noticeable in the sample

of Dhori coke.

‘ Similarly, several of the other coke samples illustrate the bad

effect on the coke of a percentage of ‘ unground ’ pieces in the coal.

‘ The tests were carried out at an average temperature of 900° C.,

giving a coking period of 32 hours, and the coal was not compressed.
' Fourteen separate tests were made as follows

1. Kargali.

2. Two parts Giridih with one pait Dhemo Main (Dishergarh).

3. Victoria Colliery.

4. One part Giridih with one part Victoria.

6. Bamnagar.
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6. Two paite^Banuu^gai with one part Dhamp Main.

7. One part Begunia with one part Kargali.

8. One part Begui^ with one part Dhemo Main.

9. Three parts Dhemo Main witih one part Damagurria.

10. Three parts Kargali with one part Argada (Karai^ura).

11. Three parts Dhemo Main with one part Argada.

12. Three parts Girjdih with one part Aigada.

13. Dhori.

14. Qiridih.

Table 1.

The proxbnate analyses of the various coals used were as fol-

lows :

—

Moisture. Vol. Matter. FixedCarbon. Ash.

Kargali •
1-40 24*85 60-66 13-20

Dhemo Main MO 32*45 57-35 9-10

Victoria •95 2605 62-90 10-20

Eamnagar . 1-20 26-00 59-65 13-15

Damagurria . 1*45 20-80 56*60 21-16

Begunia • • 1-80
j

27-35 66-65 15*20

Argada • 1*66 ' 29-85 51-00 17-60

Dhori • • 210 23-95 61-70 12-25

Giridih • • 1-60 24-65 60-35 13-40

Table II.

‘ The proximate analyses of the coke produced in the tests were as

follows :

—

Serial

No.
Vol.

Matter.

Fixed
Carbon.

Ash. Remarks.

1 *45 82-05 17-60 Good coke. Nearly equal to Giridih.

2 •45 82-10 17-45 Fair ooke. Not as good as No. I.

3 •55 85-35 14-10 Only moderate ooke.
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Table II—eontd.

Serial

No.
VoL

Matter.
Fixed

varbon.
Ash. Remarks.

4 •40 82*66 16-96 About the average of Giridih and Viotoiia.

5 •40 81-60 18*10 Disappointing. Proportion of inferior coke
high.

0 •46 82-76 16-80 Surprisingly good. Nearly Giridih standard.

7 •60 80-26 19-16 Nearly equal to Giridih.

8 •66 81-66 17-80 Not as good as No. 7.

9 •40 81-00 18-60 Similar to No. 8.

10 79-95 19-45 ‘ Kargali ’ quality spoiled.

11 8M0 18-60 Almost worthless.

12 •66 79-95 19-60 Not good, but bettor than Nos. 10 and 11.

13 83-36 16-26 Very good coke.

U •45 80-36 19-20

Note 1.—Tlie samples were dried before analysis. In practice, they would contain
between 2 per cent, and 6 per cent, moisture according to the degree of

quenching.

2.—The results of the drop tests carried out at the Government Tost House, Alipur,

are not given in this paper as the physical tests show all the coke to be well

above the standard adopted for metallurgical coke.

The Dhori coal produced an excellent coke and the Kargali

coke was practically up to Giridih standard.

‘ The coals, however, received faom Dhori and Kargali were much
lower in ash content, than would have been expected, and were

probably selected from a good part of the seam.
‘ The Argada coal proved to be a genuine ‘ non-coker * and from

a coking point of view can be classed as hopeless.

‘ The Damagurria coal possesses only slight coking properties,

and, being high in ash content, is unsuitable for coking purposes.

^ The best * mixing ’ test was No. 6, where 1 part Dishergarh

mixed with 2 parts Ramnagar, produced a coke which was much
superior to the coke produced from Ramnagar coal alone.

* The other tests confirmed the conclusions drawn from the

experiments carried out at Qiridih in 1919 (see page 296),

H
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viz., that whilst these ‘ poor-cokiiig ’ coals produce a serviceable

coke, when mixed with good coking coal, the mechanical quality

would not generally be acceptable to consumers, whilst the ordinary

good supplies were available.

‘ There is always the possibility however, that certain ‘ mixtures
*

may produce a coke, in which the mechanical depreciation is more

than counterbalanced for certain uses, by a gain in chemical com-

position : e.g.y mixing Dhemo Main coal produced a ‘ cleaner ’ (lower

ash content) coko, and from the complete analyses of the samples

of coke obtained in the above experiments, this possibility may be

found to operate beneficially with regard to other constituents such

as phosphorus and sulphur.

‘ The tests strikingly confirmed the knowledge that coals which

produce poor coke at a carbonising temperature of say 850° C,

may produce really good coke at say 1,100° C, and the present ten-

dency of the coking industry to carbonise at higher temperatures,

will undoubtedly bring into the category of ‘ coking coals,’ many
coals which have previously been considered to possess poor coking

qualities.’

‘ It may thus be stated that the potential supplies of coking coal

are now greater than was thought 10 years ago, though the extra

coke produced will be more of the ‘ furnace ’ than the ‘ foundry
*

quality.’

IV —Reserves of Coking Coal.

It is clear from the above experi^nents that coal capable of pro-

ducing metallurgical coke is available in the Bokaro coal-field and

in several of the upper seams of the Barakar stage and in the lower

seams of the Raniganj stage in the western part of the Raniganj

coal-field. The coals of the Karanpura coal-field cannot be consi-

dered as having been really tested. The lower section of the thick

coal of Damagurria has decided coking properties, while the bottom

seam (Laikdik) in Victoria colliery and the Ramnagar and Begunia

seams (all in the Barakar stage of the Raniganj coal-field) were pre-

viously known to yield a tolerable coke and this has been confirmed.

The Dishergarh seam (Raniganj stage) also yielded a very attractive

though perhaps somewhat soft coke. It has been proved that a

certain section oi thick coal at Kargali and Dhori in the Bokaro

coal-field is ^pgble of yielding a satisfactory coke. For purposes of

experimental mixing 1 secured a typical non-coking coal from Argada
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in the Karanpura coal-field. To keep a check on the behaviour of

various blends it was agreed to use mixtures with Giridih coal (slack).

I therefore recommended that the following charges should be used

in the coke oven tests :

—

() Bamnagar coal slack from Ramnagar colliery.

() Ramnagar with Dishergarh (Dhemo Main).

(c) Laikdih (Victoria colliery).

{d) Laikdih with Giridih.

(e) Begunia with Dishergarh.

(/) Begunia with Bokaro (Kargali).

(g) Dishergarh with Giridih.

(A) Dishergarh with Karanpura (Argada).

(i) Bokaro (Kargali).

(j) Bokaro (Kargali) with Karanpura (Argada).

(k) Bokaro (Dhori colliery).

{{) Giridih with Karanpura (Argada).

(m) Giridih.

In all these cases dust, or at all events slack coal, was used. In

the case of Damagurria it must be recorded that the dust represented

the whole seam, whereas it is known that the lower section of the

seam is much superior to the rest of the coal. In my opinion a screen-

ed sample of the dust and slack from the Damagurria lower section

is well worth a trial, both alone and mixed with Dishergarh. In the

case of Kargali and Dhori, particularly the latter, the slack was

obtained from the upper section of the seam
;
this is quite in order as

this section of the seam is being separately worked. There is bttle

doubt that the same seam should also be worked in sections in the

State Railway collieries in the Bokaro field. It is, of course, known

to be the custom in each of the iron-works that the coke is made

from a blend of at least three and sometimes six and seven coals ;

e.j., The Indian Iron and Steel Co. use coking coals from the follow-

ing Jharia seams :

—

No. of aeam.

13, 14 and 15 •

12, 13, 14 and 15

12, 13, Hand 15

11

11 and 12

CoUiory.

Gosliton.

Union.

tSendra.

Standard.

Klias Jharia.

Bhulonbararoe.

National.

Kha8 Angarpathra

H 2
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The analysis of the coals (when mixed together) is:

—

Percent.

Moistnre ..........
Volatile matter

Fixed carbon .........
Aflh

Sulphur ..........
Phosphorus .........

while a complete analysis of the coke produced is :

—

1-98

26-74

62-20

11-68

0-60

0-10

Per cent.

Moisture ........... 2-58

Volatile matter.......... 1-32

Fixed carbon .......... 76-46

Ash 19-37

Details of ash

—

SiHca 9-40

Alumina ........... 6-69

Ferric oxide .......... 2-44

Lime ........... 0-89

Magnesia........... 0-12

Phosphoric oxide ......... 0-4

1

Sulphur 0-62

19-37

I have been unable to extract a definite specification of the suit-

ability of a coke for metallurgical purposes, especially for blast fur-

nace coke, from a competent authority or from any of the metallur-

gists at the Indian iron smelting centres. They naturally demand
low-ash, moderately porous hard coke, but they accept and use

material far below the quality they desire.

In a paper read before the West of Scotland Iron and Steel Insti-

tute (in 1925), Mr. Edgar C. Evans is credited with saying that “ the

problem has yet to be solved of devising a suitable test which would

give both the coke maker and the blast furnace manager an idea as

to the behaviour of coke in the furnace.^’

At my request Mr. H. Brodie, Superintendent-in-Charge of the

Government Test Hquae at Alipur very kindly tested samples of the

coke made during the Lancaster-Marshall experiments. The test

consisted in dropping 6 pieces of coke of each lot from a height of 5

feet on to a steel plate. It was arranged that if 26 per cent* of the



Pabt 3.] Fox : Note on Coking Testa with Oondwana Coals. 307

fragments passed through a l-inch screen the coke should be consi-

dered useless for blast furnace purposes. In no case did small material

from the drop tests amount to more than 2 or 3 per cent. So that

according to this specification all the coke produced in the experi-

ments is well above the standard required. I have therefore not

considered it necessary to include Mr. Brodie’s results in this paper.

I think, however, that a ball mill testing machine would give a more
satisfactory physical test. As regards ash percentage the greatest

desideratum is uniformity. It is far more useful to have a steady

20 per cent, ash than it is to have fluctuations from 16 to 22 per cent,

ash. The composition of the ash is important, but the uniformity

of this composition is more important. The phosphorus percentage

of Indian coals is receiving greater attention to-day than before.

Detailed chemical analyses of coals from definite seams should be

made by the various firms engaged from samples taken from known
positions.

Recent analyses of Indian coals are given on the following pages.
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10.

No.

15

earn,

New

Tethnriya

colliery

(Shaw,

Wallace

&
Co.)

;

analysis

by

Alipnr

Teet

House.

11.

No.

17

seam,

Jamadoba

colliery

(Tata

Iron

&
Steel

Co.)

;

analysis

by

Alipur

Test

House.

12.

No.

17

seam,

Noonudih-Jitpur

colliery

(Bengal

Iron

Co.)

;

analysis

by

Alipur

Test

House.

13.

No.

17

seam.

Kendwadih

colliery

(Macneill

&
Co.)

;

analysis

by

Alipur

Test

House.

14.

No.

17

seam,

Behmandih

colliery

(H.

V.

Low

&
Co.)

;

analysis

by

Alipur

Teet

House.
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1

s ? ? 8 e^ W 0^ »Q nW CO i-H

CO
p-n

1-40
20-OO

62-60 11-40 7,632

(N
»-•

1-40
27-40 69-90 12-70 7,215

pH
1-20

25-40 59-00 16-60 7,170

o 1-62
27-85

60

90
11-25 7,387

a> 200
25-30 67-60 17-10 6,737

CO 2-90
27-00 69-70 13-30 7,271

1

2-10
27-60 6000 12-40 7,194

CO 2-81
32-00 59-00

9-00
7,469

IQ

U5 »Q Q iQ CO
9 * 9

« S 5 2 2-

1'48

30

60
68-60 10-80 7,604

n
I

2-25
32-80 55-70 11-60 7,194

2-66
34-05 64-65 11-30 7,169

1-35
82-76 66-00

1
11-25

i
7,300

Moisture
Volatile

matter*

Fixed

carbon*

Aah*

...

Calorific

valne

(caloriee)

.
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Slimming up the sitaation as we know it at present, it is possible

to say that the Indian reserves of coking coal of good quality Which

can be used, either alone or by very careful mixing, for the preparation

of coke of metallurgical quality, are briefly as follows :

—

Table VII.

Quality. Field and eame.

Amount in

milliona

of tom
(*pproi.).

Remarks.

L mde
metallorgioiu

ooke.

Giridih, Lower
KarhorbarL

9 Specially low in phos-
phoros and ash. Suit-

able for making iron of

Bessemer quality or
ferro-manganese of
Miandard grade. All

allowances made.

Total 9

11. Good meta]lur>

gkal ooke.

1

Jharia, 13, 14A, 14,

15 and 17.

Giridib, Lower
Kaiiiarbari

Raniganj, Yktoria.
l^aikdih and Ram-
nagar.

732

30

60

Good quality coal Total
estimated 1,100 million

tons. Allowance 33}
per cent. Best coke
from ooal slack.

Excellent ooke physically ;

sometimes rather high
in ash, particularly if

made from ooal (^aok.

This ooke has been utilizod

in the Kulti furnaces.

All allowances made

;

25 million tom each.
Total 812

111. l^air metallaigi-

oal ooke.
Jhaiia, 10, 11, 12, 16
and 18.

Raniganj

—

Dubetgarh
Sanotoiia

Begonia

Bokaro, Kargali

800

48
36
25

365

Some of this coal is as

good as Class II. Total
estimated 1,200 million

tom. Allowance 33}
percent.

Be^ used by oarefuhy
mixing with 17 seam or
others by experiment.
All allowances made.

Some of this is known to

be of good quality Class

II, but there is a little

uncertainty about the
ash in tlm remainder.
All idlowanoes made.

Total lp274

IV. Gfpod oolong ooal,

bot not of metal-
Inigioal ^oaliiy.

Ateam fielda .

,

600 Vefy high in sulphur. If

this impurity can ^ re-

moYed, this could ne in-

cluded in Cflass I or Class

n.
Total 600
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In regard to the allowance of 33J per cent, which I have made for

losses in working, when calculating the reserves in Table VII, it is

necessary to say that this figure has been adopted for the sake of

convenience. From my personal knowledge of the Raniganj and
Jharia coal-fields during the past three field seasons I can say definite-

ly that in some cases even the high losses stated by Mr. Bathgate

have been exceeded, but in other instances, the losses are very much
less than 33J per cent. In a few cases the losses are almost negli-

gible. Taken for definite areas under lease by colliery companies,

where the coal of a given seam has been considered as worked-out

or entirely unrecoverable at normal market prices, the figure of 33J
per cent, is probably a tolerable average with the methods of mining

and marketing in vogue at present. It is a little unfortunate that

the term coal research in India is invariably taken as implying experi-

mental work on the preparation of coal for the market or in respect

of the efficient use of coal by consumers. There is as big a field for

coal research in the examination of the methods of mining now in use

and also in the mode of effecting coal sales.

From my own experience the greatest benefit to the coal industry

would be the fixing of standard minimiun prices for certain kinds of

coal. After security of a fair sale price for the coal is obtained atten-

tion can be focussed on the still more important subject of economy

in working. The compulsory adojrtion of sand-stowage for all seams

of the quality for which market prices have been fixed is essential.

Seams which are known to have been on fire must be worked on some

system of sand-stowing. Collieries working seamis which dip appre-

ciably, and which have been worked on the piUar and stall system

are known to have suffered almost total loss in the de-pillaring process.

This shows that there is considerable room for improvement in the

existing methods of working. Until the subject of efficient methods

of extraction are clearly arrived at and adopted for the various,

perhaps exceptional circumstances, which arise in the working of

Indian coal seams, it is quite useless to allow any percentage for

losses in working. It is far more satisfactory to state the available

reserves—the total which should be extracted under perfect methods

of working. The amounts of coal destroyed by igneous intrusions,

or locked up under railway lands, valuable buildings, or as barriers

between properties can be estimated almost exactly. In general the

total under these heads is not large. It is when a seam comes to be

worked and worked, under very trying market conditions, at a profit
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that the losses cannot always be estimated. A single fire has led to

the loss of a colliery and involved the coal of adjacent collieries when
hopes had previously been entertained of a large profitable extraction.

Coal research under the heads of “ preparation for the market and
efficiency in consumption ” will lead to economies which should make

a given weight of coal give greater heatiixg value and thus save fuel

and so give a longer life to the reserves. These factors of economy
would not be of very much use to the coal industry in India at the

present moment when higher prices and larger outputs seem to offer

the only immediate solution to the depressed condition of the trade.

On the basis of the projected requirements of the Indian Iron and

Steel Industry for 1928, i.e., about 4 million tons of coking coal to

give million tons of coke, there is enough coal of Classes I and II

to last more than 200 years if used exclusively for iron smelting.

On the basis of the production of pig iron in Great Britain under

normal conditions, i.e., about 6 million tons of pig iron, the require-

ments of coking coal will be roughly 9 million tons a year, and the

calculated reserves of Classes I and II would therefore last 70 years

if exclusively utilized for iron smelting. If the reserves in Class III

are included, the reserves of coking coal will last 600 years on the

1928 basis, and 200 years on the British basis.

It is ridiculous to imagine that these coals will be exclusively used

for the production of metallurgical coke, but with such large margins

there is scope for adjustment. There is time for a gradual re-arrange-

ment in the use of coal for various purposes. By so doing, reasonable

economies could be effected, whereby the better grades of coking

coal may be conserved.
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A ZiNCH Spinel, from Southern India. By W. A. K*

Christie, B.Sc., Ph.D., M.Inst.M.M., ChemisU Geo-

logical Survey of India, and A. L. Coulson, M.Sc.,

D.I.C., F.G.S., Assistant Superintendent, Geologcal

Survey of India.

The specimen ^ described below, sent by Messrs. P. Chenga

Reddi and Company, Nellore, was foimd at Tummalatalupur (14°

17' SO*! : 79° 42'), near Jogipalli Shrotriem, Nellore district, Madras

Presidency.

At one comer of the specimen there are indications of what

may be crystal faces and on a part of the fractured surface there

are definite, although distorted, striations. There seems to be no

simple relationship between the orientation of these and of the

problematical crystal faces.

Cleavage is not well developed in the specimen
; in thin section

it is seen to be octahedral, with four sets of cleavage lines. The

mineral has a conchoidal to uneven fracture. It is brittle, with a

hardness of 8. Its specific gravity is 4’66. Its lusture is vitreous,

shining. The colour of the specimen is greenish black (Ridg-

way* XIX 37'n to XVIII 36'n). By transmitted light in a section

0*03 m.m. thick it is “dull opaline green’’ (Ridgway XIX 37'f.).

At this thickness the mineral is semitransparent ;
ordinarily it is

opaque. Its refractive index for sodium light is 1*802^ -002 (im-

mersion method with stannic and antimonious iodides in methylene

iodide, the index of the liquid being determined in a hollow prism

on a goniometer).

One corner of the specimen is encrusted with muscovite and

plates of muscovite form frequent inclusions.

1 Rogisterod number M.-945.

* R. Ridgway, Colour Standards and Colour Nomenclature, Washington, 1012.
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Carefully picked material has the following composition (W. A. K.

Christie) :

—

SiO,

ZnO .

MnO
FeO .

AlaO,
re,0,

HjO (below lOS^C.).

HgO (ftbove 108°C

)

0*12 percent.

38*90 M
0*52 „
4*67 „

64*66

0*81 „
0*02 „
0*11 ^

99*81

No other “ heavy metals ’’ were found ; calcium and magne-

sium were absent ;
alkalines were not looked for. The state of

oiddation of the manganese is unknown.

The mineral was decomposed by prolonged fusion with twenty

times its weight of potassium pyrosulphate. After separation of

the silica and elimination of platinum, zinc was precipitated as

sulphide in dilute sulphuric acid solution by the method of

F. G. Breyer/ converted to chloride and titrated with a solution

of potassium ferrocyanide. Aluminium, iron and manganese were

then precipitated three times with ammonia and hydrogen peroxide,

and the oxides weighed together. Total iron and manganese were

separately determined, the latter colorimetrically.

The mineral is attacked only with difficulty by a mixture of

hydrofluoric and sulphuric acids ; ferrous iron was therefore de*-

termined by Mitscherlich’s method. The mineral was brought into

solution by prolonged heating at 260°C. in a sealed tube (from

which all air had been displaced by a current of carbon dioxide)

with a mixture of one volume of sulphuric acid and one volume

of water. Two determinations gave the same figure, 4*67 per cent.

Eliminating silica, water and manganese (which may be present

as MnO or MuaOg, or both of these), the percentages of the other con-

stituents are :

—

ZnO
FeO
A1,0,

FejOg

39*27

4*72

55*19

0*82

100*00

^ W. W. Soott, Standard Methods of Chemical Analysis, pp. 483 ti. Now
York, 1917.
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This gives a molecular ratio for (ZnO, FeO)
:

(Al^Og, Fe203 ) of

1 : 0*997, the theoretical spinel ratio being 1:1. If we suppose

the manganese to be present in the ideal spinel form as IfnO, Mn^Os
the recalculated percentages are :

—

ZnO
PeO
MnO
A1,0,
PegOg

MngOg

10000

4-69

0*17

54*88

0-81

0*39

The molecular ratio of monoxides to sesquioxides is, of course,

the same as before, 1 : 0*997, If all the manganese were present

as monoxide, the ratio would be 1 : 0*983
;
if it were all sesquior

xide, the ratio would be 1: 1*003.

The. specimen has too much iron to be classed as automoUte,

too little iron and manganese for dysluite. It is normal gahnite,

ZnO, AI2O3 ,
with both radicles replaced to a small extent by

iron oxides.

There appears to be only one other recorded occurrence ^ of

zinc-spinel in India. C. S. Middlemiss foimd dysluite near Padiyur

in the Coimbatore district of the Madras Presidency. It occurs

in irregular masses in a felspar-rock containing corundum and some-

times biotite and muscovite. The felspar-rock occurs as veins

in an elaeolite-syenite-gneiss.

* L. L. Permor, Oeol, Surv, Ind,, Vol. XXXVII, p. 37 (1909). CJ. also

Qeol. 8urv. Ind., Vol. XXX, p. 129, 1897. R. Beokenkamp in C. Hintzo’s “ Handbooh
der Mineralogie,” Bd. 1, Abt. 4, p. 30, cites “ R, R. Simpson, Rtc. Oeol, Surv, Jnd.,

1910 ” in connexion with dysluite ; tliis, howerer, is incorrect.
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A New Indian Meteorite : The Lua Fall. By A. L.

CouLSON, M.Sc. (Melb.), D.I.C. (Lond.), F.G.S.,

Assistant Superintendent, Geolo^cal Survey of India-

(With Plates 21 to 25.)

Mention of this fall has already been made in the Annual

Reports of the Geological Survey of India for 1926 and 1927

(iiec. Oeol, Surv. Ind,, LX, pt. 1, p. 13 ;
ibid.

n uctory.
LXI, pt. 1, p. 14). The meteoric shower

fell on the afternoon of the 26th June, 1926.

Three fragments of a stone, numbered 292 A, 292 B and 292 C
in the meteorite collection of the Gteological Survey of India and

of a total weight of 200*191 grammes, which
* fell at Dabra (locally known as Dabda ;

24°

64' 30^ : 76° 7' 30*") in the Nandwas pargana of Indore State,

were presented to this department by the Prime Minister of Indore

State. A fourth fragment with a weight of 124 grammes was

deposited in the Holkar College Science Laboratory, Indore.

Sketch Map ehowing the poottions of Dabr», Doogria and Lna.
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One of two fragments of a stone which fell near Dongria (24®
66' 30''

: 76® 10' 30") in Udaipur State was presented to this de-

Dongrta
partment by the Director, Department of

Mines and Geology, Gwalior. This, num-
bered 292 D, weighed 53*3835 grammes when received. The other
specimen, the weight of which was given as 116 grammes, has been
retained in Gwalior. What is apparently another fragment of the
same stone has been sent to Udaipur

; the weight of this piece

was ^ of a tola (5*21 grammes).
Two stones, one weighing 8632 grammes and the other 9^

tolas (110*08 grammes) fell upon the same day near Lua (24® 67' :

75® 9') in Udaipur State. These stones were

sent to Udaipur but the larger one has since

been received by this department on loan from the State authorities.

Thus in all, four stones are known to have fallen, the total weight
of fragments recovered from the respective localities of Dabra,

ToUl weight.
Dongria and Lua being 324 19, 174*48 and
8742*08 grammes or 9240*75 grammes in all.

Particulars of the fall at Dabra are given in the following l(*tter

from the Prime Minister of Indore State tof the Secretary to the

CircuttuUnces of the Agent to the Governor-General in Central
fU.tD«hr«. India

“ Subject ;—Preservation of Aerolites,

“ I have the honour to state from the reports of the circle Sub-In8i)octor ol

Police, Nandwai, and the local Amin tliat on the 26th Juno, 1926, at 4-30 P. M.
there was a great thundoratorm which lastc<l for about 7 minutes and at the same
time a meteorite fell in the jungles of Dabda Tpargana, Nandwai. As the motoorite
fell on a stone it went to pieces. The fall of the meteorite was witnessed by one
Pitha Teli of the Dabda village who had been to the jungle for fetching lirewood.

“ 2. Three pieces of a meteorite are sent herewith.
“ 3. It is also reported that a meteorite fell in Mouza Lua, Pargana Logu of the

Udaipur State.”

Enquiries made by this department elicited the following in*

formation from Pitha Teli given in a letter from the Prime Minister,

Indore State, to the Secretary to the Agent to the Governor-General
in Central India :

—

“1. No light phenomena accompanied the fall ; but there was a loud noiee.

2. The meteorite fell towards the west.

3. Pitha Teli having been frightened, ran towards the village and came back
after half an hour with some villagers, when the pieces picked up were found cold.

1
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4. There wm no oharaoteristio onell in the neighbonrhood.
6. As the meteorite fell on rocky ground, it went into pieces. Four pieces were

recovered, three of which have been sent to you and the fourth deposited in the

Holkar College Science Laboratory.”

When Mr. G. H. Tipper of this department was in Gwalior and

was shown two pieces of a meteorite, he suggested that one piece

be sent to the Geological Survey of India,

WatOolSrit!*
**** ^ collection of geological

specimens was forwarded in exchange. It was

first stated that the two pieces were picked up near SingoU (24®

68' : 76®17' 30'") on ‘‘ one of the hills near Bengu (Mewar) and that

the time of fall was 4 p.m. on the 26th June, 1926. Later, however,

the following letter was received from the Director, Department

of Mines and Geology, Gwalior:

—

“With reference to the falls of meteorites at Dabra and Lua mentioned in your

departmental report for 1926, 1 beg to inform you that there appears to be a very

close connection between these falls and the fragment of meteorite I sent to you
with my letter No. 606, dated 16th January 1927. The fragments mentioned in

my letter were actuaUy picked up from a hill within the boundaries of the village

Dongria (76® 14
' ;

24® 651, Map Sheet 236).
“ The Thikanedar of Begu reports that there was a fall of one stone on the 26th

June, 1926, near Lua, which weighed 9^ tolas and that there occurred another

fall at Dongria on the same day. He could get only a fragment from the latter

locality which weighed of a tola. He sent both these stones to Udaipur.
“ The above information together with the fall at Dabra mentioned by you,

the closeness of the localities Dabra, Lua and Dongria and the date of the falls

shows that the three falls were parts of a bigger one. The eye-witnesses say that

there was a loud report like that of firing of a cannon and that the ‘ thunder-bolt’

came from the south and dropped in the north-easterly direction.
“ A comparison of the fragment sent by me with those you may have obtained

from Dabra may prove the above supposition.”

Clrcnnittaficet of fibe

fall at Lua.

The following letter was received from the

Besident in Mewar, Bajputana :

—

“ With reference to your letter No. 3987/399, dated the 14th September, 1926,

I have the honour to advise the despatch of a parcel by rail containing a fragment
of the meteorite which is reported to have fallen in the village of Lua, J^tta Begun,
In the Mewar State, sometime between 3 and 3-30 p.m. on the 26th June, 1926,

preceded by a loud atmospheric thunder.**

Lua is 3 miles N. K. E. of Dabra and Dongria is 3 miles E.
N. E. of the same village. Falling upon the same day at local-

ities within an area of a diameter of three miles,

the connexion between the Dabra, Dongria
and Lua falls is at once apparent. In addition, examination of

Correlation of falb.
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the specimens brings out the resemblance between the fragments.

Accordingly the four fragments in the possession of this department

have been given one number, 292, and the meteorite called after

the village from which the largest fragment was recovered, viz.,

Lua.

It will be noted that there is a considerable difference in the re-

corded times of fall. As watches are rare in country districts,

this is not to be wondered at. The Dabra
® * stone is said to have fallen at 4-30 p.m. and

the Dongria stone at 4 p.m.
;
no time is given for the fall at Lua

of the stone weighing 110*08 grammes, but it is stated that the

larger stone, that weighing 8632 grammes, fell between 3 and 3-30 p.m.

The three localities form almost an equilateral triangle and

consequently it is impossible to work out the direction of fall as has

been done by L. L. Fermor' in connexion

Dlfectfon of folL with the Dokachi meteoric shower, notwith-

standing the fact that the largest mass fell

at the northern apex of the triangle. Pitha Teli (supra,

y

p. 319)

has stated that the Dabra stone fell “ towards the west.’* This

might mean that it fell in the jungle west of the village or, alternat-

ively, that its direction of fall was towards the west.

As this shower reached the earth between 3 p.m. and 4-30 p.m.,

i.e., between the hours of noon and midnight, the meteorite from

the disruption of which the several stones

Motion of the meteorite, were formed, had direct motion,* i.c., it must

have been moving in the same direction as

the earth in its orbit and thus reached the earth by overtaking it.

When received, 292A weighed 155*042 grammes. Its longest

axis is about 3J ches and it is obviously a fragment of a larger

Qeneral description

of the meteoric fmg- fracture surfaces. A prominent crack tra-
ments. No. 292 A.

verses what is the bottom part of the specimen

when held as depicted upon Plate 21 (figure 1) ;
and it would require

but little strain to break the specimen into two pieces. This inci-

pient fracture probably occurred at the moment of impact on the

rook as noticed by Pitha Teli. The front face is rou^y parallel

bo the rear facebut whilst the crusfc is convex, the opposite fractured

surface is appoximately plane.

» J?«5. Oed. 8urv, /nd., XXXV. pt. 1, 1907. pp. 73. 74.
» “ Moteoritao,” Farrington, Chicago, 1916, p. 43.
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The cniflt is black, thin and very smooth and shows up in

marked contrast to the grey of the fractured surfaces. Abundant

small glistening faces of troilite, rust aggregates, rounded forms of

nickebiron resembling chondri and large white chondri, one of which

has a diameter of 4mm. can be seen with the aid of a lens.

No. 292 B weighed 35*642 grammes when it was received by this

department. It is shown upon Plate 21 (figure 4) and it again is

definitely a fragment of a larger meteorite.

No. 292 B. It possesses but little crust and what little

there is has been flaked away in its central

portion. The specimen is roughly pyramidal in shape and though

grey when first received, it has become rust-covered in the moist at-

mosphere of Calcutta. A definite chondritic structure and glisten-

ing faces of bronze-yellow troilite can be seen by the naked eye.

This fragment is to be presented to the British Museum.
When received No. 292 C weighed 9*506 giammes and it is shown

on Plate 21 (figure 5). Though also definitely part of a larger stone, it

No 292 C
exhibits a moderate area of crust which is

rusty-black in colour. This fragment was

found to have a specific gravity of 3*534.

From *113 grammes of this specimen, a thin section^ was made,

a photo-micrograph of which is showm on Plate 21 (figure 2). The
section shows very well the chondritic structure of the meteorite,

olivine forming numerous chondri which are chiefly polysomatic.

Apart from the chondri and from nickel-iron and troilite, which

occupy the spaces between the chondri, the only other mineral

recognizable in the section is enstatitc which forms an indistinct

fibrous and eccentric chondrus and also occurs as a rectangular

fibrous fragment (Plate 21, figure 2) entirely surrounded by troilite.

Frtgments do not fit

attempts to join these three fragments

were unsuccessful though they are apparently

part of the same stone.

No. 292 D, the specimen from Dongria, depicted upon Plate 21

(figure 3) weighed 53*3836 grammes when received by the Geological

M -.A, Survey of India. There is an almost complete
No. 292 D. i'll! 1 • T 1 1 *

equatorial belt of thin, ‘ black crust encircbng

the fragment, which is undoubtedly part of a different stone from that

which fell at Dabra. An examination of the specimen suggests

that the fragment is the central part of a meteorite from which at

^Number 18054 in the register of microscope slides, Geological Survey of India.
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least four other fragments have been detached either by the im-

pact of landing or by human agency.

The crust is interesting in that it shows a few small pits where

the nickel-iron has oxidised suflSciently to foim with the silicates

a relatively fusible compound
;
some rounded knobs can also be seen.

The smooth crinkling of the cnist is well shown in the photograph.

The specimen shows chondritic structure and with a lens iron-

grey and tin-white nickel-iron and bronze-yellow troilite can be

discerned. There is a purplish-red aggregation of material on the

top edge of the specimen, microscopic examination of which indicated

it to be composed of small crystals of olivine with rust aggregates.

Of the five specimens examined, this alone possesses a marked bluish

colour.

When received by this department, the large stone from Lua
weighed 8632 grammes. It is a very fine specimen and is almost

complete : an examination of its crustless
Large itone from Lua. ^ a xi. x i / xareas suggests that a total of not more than

about 200 grammes of the stone has l)een broken off either at the

time of impact with the earth or subsequently by human agency.

The stone possesses two relatively plane surfaces which arc rough-

ly parallel to each other and whose distance apart averages about

3| inches. This parallelism is well shown on Plates 23 and 24

(figure 1 on both plates). When inspected in the position shown on

Plate 22 (figure 1), the stone has the appearance of an arrow-head,

the maximum width being 9| inches and height 6 inches
; the base

is concave.

The crust has the usual greyish-black colour and in places ap-

pears to be about 1mm. in thickness though it is generally less than

this. On certain surfaces there appears to be a development

of secondary crusts. Such flow lines as are found on the original

crust are indefinite in direction and one cannot be sure of the

position of the stone during its journey to the eai-th.^

A small surface of the crust of the fall shown in Plate II, figure 2,

is s^n in natural size on Plate 24 (figure 2) ;
this shows the presence

of small pits and knobs. Larger hollows in the surfaces can be

observed {see also Plates 22 and 23). In Plate 22 (figure 1), two cor-

rugated depressions may be seen on the surface of the meteorite

on the right-hand side, one being fresh and caused by the impact

1 J2ec., Smtv. Ind., XXXLX, pt. 1, 1927, p. 146.
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of the stone with the earth and the other showing similar corruga-

tions but coated with crust.

A thin section (No. 18130) made from a small chip of this stone

is very similar to the slide of the Dabra specimen, 292 C. Numerous

polysomatic chondri of olivine are shown, the spaces between which

are generally occupied by nickel-iron and troilite
;
some of the

individual olivine crystals are relatively large. There are inter-

growths of fibrous enstatite with olivine in some of the chondri

(see Plate 26); but eccentric rayed masses of enstatite, which

sometimes form separate chondri, can also be distinguished.

Though no chemical analysis of any of the fragments has been

made, it is proposed to classify the stones of
” ^ this meteorite shower as follows Stone

;
No.

20, Grey Chondrite, Cg of Brezina.

EXPLANATION OP PLATES.

PfiATK 21. Figueb 1.—292A, Dabra, Indore State.

„ „ 2.—Photomicrograph of the Dabra meteorite from the Lua fail,

No. 292C, showing a rectangular fibrous aggregate of en-

statite and chondri of olivine.

„ „ 3.—292D, Dongria, Udaipur State,

„ „ 4.—292B, Dabra, Indore State.

„ „ 6.—292C, Dabra, Indore State.

„ 22. Fiqubes 1 and 2.—The Lua meteorite, Udaipur State (front and

rear views).

„ 23. „ 1 and 2—The Lua meteorite, Udaipur State (end and bottom

views).

„ 24. Figubb 1.—The Lua meteorite (end view).

„ 2.— Portion of the crust of the face of the Lua meteorite shown

in Plate 22, figure 2 (natural size).

„ 25, „ L—Photomicrograph of the Lua meteorite, showing a fibrous

aggregate of enstatite and chondri of olivine.

„ „ 2.—Photomicrograph of the Lua meteorite showing an

idiomorphic crystal of olivine in a polysomatic cbondrus

of olivine and also other chondri of oUvin^.
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MISCELLANEOUS NOTE.

LoUingite from the Hazaribagh District, Bihar and Orissa.

A mineral found in small amount in the Durria Mica Mine, situated in

square Q 28 in the Kodarma Government Forest, and sent by Messrs. Tata
Sons, Ltd., to this Department for examination and report has been identified

as lollingite. There are not many previously record^ occurrences of the

minerals of this group but leucopyrite has long been known to occur in

the Hazaribagh district.^

The mineral, which is registered as M. 983 in the collections of the Geo-
logical Survey of India, has a density of 7*40. It contains abundant iron

and arsenic, a little antimony and sulphur, but no cobalt or bismuth. Its

high density indicates it to be the Idllingite variety of the lollingite group.

Two small pieces of a mineral broken from a lump about the size of a

football, which had been found in one of Messrs. Tata Sons, Ltd.’s mica
mines in square Q 28 in the Kodarma Government Forest, were forwarded
by Mr. F. G. Percival of the Tata Iron and Steel Co., Ltd., and are interest-

ing in this connexion in that they are varieties of lollingite.

One of these, M 980, has a density of 7*05 and contains abundant iron

and arsenic with a little sulphur, antimony and bismuth, but no cobalt.

The other, M 981, has a density of 6*55 and contains abundant iron and
arsenic with a little sulphur and bismuth, but no antimony or cobalt.

In both instances the density was determined by means of the chemical

balance, using polished fragments of the minerals
;
but even such polished

material of the latter specimen contained a decomposition product in very

thin veins. Pure material of M 981, were it possible to obtain it, might

have a sufficiently high density (7 0)* to allow it to be classed with M 980

as leucopyrite.

The colour of all three specimens is steel-grey to silver-white and their

streak is greyish black ; their hardness is 5*6.

A. L. OOULSON*

» Mallet, Rec, Oeol. Surv, Ind,, VII, pt. 1, p. 43, 1874. Holland. Mem. aenl Surv.

/mi., XXXIV, pt. 2, pp. 31, 61, 1902. Coulson, Rec. Oeol. Surv. Ind., LXI, pt. 2, p. 206,

1928.

^Dana, Mineralogy, p. 96.

MOIFO—lCr-VIII-l-10—20«9^8—800.
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The Erratics of The Punjab. By G, de P. Cotter,
Sc.Dm F.G.S., Superintendent, Geological Siiiney of
India. (With Plate 26).

The erratic blocks of the North-West Punjab were alluded to,

though vaguely, by Vicary as early as 1851 (1), and were subsequently

„ . ^ described by Verchere (2), who supposed them
Previous obRcrvers.

, , , •

to have been transported to their present posi-

tion by icebergs floating on a lake. Between 1870 and 1881, A. B.

Wynne and W. Theobald issued a number of papers dealing with the

subject (3 to 11), which contain a great deal of infonnation concern-

ing the distribution of the erratics, but which, owing to the un-

fortunate habit of treating such questions in a highly controversial

spirit, now form very dull reading.

The erratics, as may be gathered from the above papers, are

found both to the north and south of the Kala Chitta range in

Attock District, and, according to Theobald, they occur near Jhand
railway junction south of the Kala Chitta, in lines running E.N.E.

—

w.s.w.
Wynne (6, p. 124), mentions one erratic of granitoid rock near

Kummerallia,’' that is Nurpur Karmalia in Sheet 43 C-5, A. 3

about miles W.N.W. of Campbellpur. This had a girth of 50

feet and a height of from 6 to 8 feet. Another large erratic close by

was of basalt, and was 48^ feet in girth with a height of 12J feet.

Other erratics are described from near Hatti (Sheet 43 C-5, C. 2).

At Jhand, the erratics comprise blocks of granite, syenite, gneiss,

C 327 ]



328 Records of the Geological Survey of India. [ VoL. LXI.

homblende-Bchist, and black slate. One, partially buried, measured

16 feet by feet.

These erratics are associated with alluvium.

C. S. Middlemiss, writing in 1896 (12, pp.
M***<**®" 45, 46) has some important remarks upon

the subject of erratics, which may be quoted

in extmso. He says

—

‘ Tho only old moraine (indicating the agency of ice) that I have seen in the

lower parts of Hazara occurs at a level of about 6,000 feet at Oool Maira, in the

Koonhar valley. Doubtless many occur above this up the valleys loading down
from Khagan, but I have not visited them.

‘The subject of “erratics” in the Punjab provoked a little woi*d-fencing

between Mr. Wynne and Mr. Theobald about 15 ago. Whilst Mr. Wynne
named as erratic any displaced mass or boulder of foreign rooks whoso means of

transit appeared abnormal, Mr. Theobald confined the term to rocks in such

positions as would entitle them a priori to a glacial origin, or at least to having

been transported by ice in some form. In his paper on tho occurrence of erratics

in the Potwar, i.e., the plain south of Hazara bordering the Indus and Sohan

rivers up to the Salt Range, Mr. Theobald describes a number of huge blocks of

crystalline granitoid gneiss, scattered about and imbedded in this silt mostly near

Jhand
;
whilst others were described by Major Vicary betwenm Hassan Al)dal and

Attock. Mr. Wynne has remarked on others in the bed of the Indus near Turbela

and along the Sirun river (Hazara). Those on the Sirun and Indus rivers I shall

show later on to be by no means displaced blocks, but io be actual outcrops (or

quite close to actual outcrops) of the gneissose-granitt^ of Hazara. As regards those

of the Potwar, having never seen them, I am, perhaps, hardly entitled to an opinion ;

so I wifl merely content myself by drawing attention to the fact insisted on by
Theobald regarding the Jhand erratics that they occur in lines running E. N. E.

and W. S. W. He interprets this as due to disposition by ice, but I would ask why,

considering this is the normal strike of the country, they should not be similarly

due to blocks weathered out nearly in situ from a ridge of crystalline rocks covered

sparingly by, or protruding through, the Upper Tertiary sandstones ?

‘ As regards the erratics mentioned by Wynne south of the Salt Range, I think

there can be no doubt that they were derived from the Salt-Range boulder-bed,

whence they have simply subsided down hiU.

‘ Having seen a good deal of glaciers and icework in the higher Himalaya, and
having likewise worked over the Sub-Himalaya and Outer Himalaya through a

large tract, I am bound to say that no reliable traces of glaciers at low levels (say

below 5,000 or 6,000 feet) have ever come before my notice.

‘ I regret very much that I never saw the Potwar erratics (so called) and I would

commend the study of them from the standpoint I have indicated to any future

geologist who is in the neighbourhood.*

These remarks of Mr. Middlemiss have naturally cast grave doubt

upon the theory of ice-transport to accoimt for the erratics of the

Potwar, Meanwhile the detailed geological mapping of the Potwar
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has proceeded year by year, but no ridges of crystalline rocks have

been found anywhere in the Potwar protruding through the Siwalik

sandstones. The theory that the Jhand erratics are weathered

rocks from a concealed crystalline ridge remains an unsupported

hypothesis which it is difficult to accept.

In 1897, Sir H. H. (thf‘ii Mr.) Hayden found large gneissic boulders

in the Bdra valley, in North Tirah at the foot of the western continua-

tion of the Safed Koh (known as the Morga
Other occurrences of Range). He suggests that these may be erra-

tics (13, p. 114).

Similar boulders were 8(‘en by myself at the debouchment of

the nala at Lukman Khcl village in the Safed Koh above Parachinar

in 1926.

When such fleets of boulders are found in the t'^lus fans of torrent-

beds emerging from mountain ranges such as the Safed Koh, it is

not necessary to postulate transport by ice.

; Mr. G. H. Tipper has described to me the
^

effects of mudburats in Chitral
;

these bursts

are quite capable of transporting boulders of very great size. A
graphic description of these mud-bursts, known locally in Baltistan

as shwas, is given by Col. H. H. Godwin-Austin (14, p. 27). In

describing a trip in the Mustakh Range, Baltistan, Kashmir, he

says

—

‘ Whilst lying in my tont, after finishing up my work, I heard an unusual rumbling

sound, and on going out I found that all the men were wondering what it could be.

After a few more seconds of su8j)enRe, some Balti coolies, who were cutting brushwood

higher up the ravine, shouted out that the stream was coming down, and in a few

seconds more we sa\\ a black mass coming out of a lateral ravine from the right, and

moving rapidly over the broad sIojk* of boulders which formed the bed of the valley.

Before the black stream reached us it divided into two, and we then saw that it

consisted of a mass of stones and thick mud, about 30 yards in bieadth and about

15 deep. The servants by the side of the little rill near the tents had just time to

escape before it came down upon thcii fires. It was a most wonderful sight : a

great moving mass of stones and rock, some of great size, measuring 10 feet by 6,

all travelling along together like j>eas shot out of a bag, rumbling and tumbling

one over the other, and causing the ground to shake. The large rocks lying in or

near the edge of this moving mass would receive a few buffets, totter a little and

finally roll in amongst the rest to carry others away in turn. No one who has not

seen a flood of this kind, can form any idea of the mighty power of transport which

the accumulated masses of water and melting snow acquire at these times, and T

was almost bewildered by the spectacle. Our first alarm happened about six

Shortly after anothei body of stones came down not so large as the fiiat, but travel-

ling muqh faster as it took the bed of the first and so met with fewer impediments,

b2
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Those “ shwas ” are of frequent occurrence in the ravines particularly when the

sides are of crumbling rock
;
they originate in landslips which stop the streams for

a time and often assume sueh a size as to cause great injury to the cultivated tracts

and villages below.’

There is an important paper by C. Rabot (15) on glacial reser-

voirs and their outbursts, to which a note

Mr. D. W. Freshfleld’s (]5 547) has been added by Mr. Douglas
suggesrtoti.

FreshHeld. Mr. FreshBeld asks
‘ Is it not possible that a certain numl)er of the more lowlying so-called “ erratic

blocks ” may have been caught up by these floods and carried to their present posi-

tions ?’

Mr. and Mrs. Workman’s Mr. and Mrs. Workman in 1900 thus do-

descrlptton of s'ihw. scribe a shwas (16, p. • 156)

—

‘ We were selecting a place to pitch the tents when our attention was attracted

by a peculiar rumble abov(‘. Far up the gorge, just below the glacier appeared

a dark serpentine object , with high crested front coming towards us, following

the windings of the stream. So rapidly did it advance, that there was barely time

for the coolies to snatch up thcii loads, which fortunately had not been opened, and

carry them fifty yaids up the incline, before it was upon us. The dark slate coloured

mass, some sixty or more feet wide and twenty to thirty high, presented a plastic

appearance, and consisted of mud and stones of every size, some of them many
tons in weight, which were i-ollcd over one another, as if they were pebbles. This

ponderous mixture of solid and semi-solid bodies moved with all the freedom and

facility of a liquid, but with greater devastating power. A moment more, and its

lofty front shot by with irresistable force and a crashing demoniacal roar. The
rock-packed banka of the rivci crumbled into the rushing torrent, and large boulders

toppled into and joined the mad procession, as if cohesion and gravity were bagatelles

of the shadowy past. Hock masses ten to fifteen feet in diameter, lying in its oourw',

were swejit away to be seen no more. The terrific energy displayed by this cataract

of rock was in a high degree awe-inspiring, and we were held spell-bound while it

lasted.*

The same explorers, in a subsequent publication (17, p. 60),

give a further account of the devastating effects of the shwas or

mud avalanches, but the two quotations given above are sufficient.

W. H. Twenhofel (18, p. 72) describes the mud-flow of Slumgullion

in Colorado. The flow descended through a vertical distance of

2,600 feet down a slope of above 5 degrees, and over a length of 6|

miles.

In the year 1841, a great flood occurred in the Indus. In early

accounts it is said that this was caused by the bursting of a glacial

dam in the Shyok tributary. A. Cunningham (18a, p. 99 sqq.)

gives a graphic description, of which a few sentences may be quoted.

He says

—

“ During December 1840 and January 1841, the Indus was obsorverl to be unusual-

ly low between Torbela and Attock Early in June the bjirrier was burst

,
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and the collootod waters of nearly six months rushed with overwhelming violence

down the narrow valley of the 8hayok, sweeping everything before them
The effect of the inundation at Torbela has been so graphically described bj^ Major
James Abbott from the lips of an eye-witness Ashraf Khan of Torbela, that 1 will

quote it entire. ‘ At about 2 f.m. a murmuring sound was hoard from the north-east

among the mountains, which increased until it attracted univei’sal attention, and
we began to exclaim. What is this murmur ? Is it the sound of cannon in the

distance ? Is Gandgurh bellowing ? Is it thunder ? ’ Suddenly some one cried

out, ‘ The river’s come.’ And 1 looked and perceived that aJl the dry channels

were already filled, and that the river was racing down fuiiously in an absolute wail

of mud, for it had not at all the colour or appearance of w ater.”

On page 100 of the same book, Cunningham mentions that the

flood, when passing Attock, was 30 feet high.

The notion that the great Indus flood of 1841 was caused by the

bursting of a glacial dam in the Shyok is apparently incorrect, and

has been denied by later writers. Dr. T. G. Longstafl (186, page

G48), who cites all the main authorities, points out that this flood

was caused by a landslip which dammed the Indus nea* Gor, below

Bunji.

Floods are also characteristic oi Balucliistan. The reader may
consult Sir T. H. Holdich’s book entitled “ The Indian Borderland,’’

pages 14, 15.

A possible explanation of the eriatic blocks of the Attook district

is transport by shwas or mud-uvalaiiches. Some such explanation

Possible explanation
^ necessary, since the arguments advanced by

of erratics of Attock Mr. Middlemiss will not explain certain occur-
Uistiict.

, rences. Thus half a mile north-west of Bura,

a village 4 miles cast of Campbellpur, I saw two erratic blocks of

giicissose granite {minerals—orthoclase, quartz, biotite abundant and

muscovite less so) lying upon Triassic limestone. These blocks are

shown in Plate 20. It is impossible in this case that the blocks could

be derived from a concealed outcrop of gneiss hidden by an alluvial

caj), since they rest upon Triassic limestone, and not on alluvium.

There is also a large boulder of Hazara slate lying nciu* by. The

gneissose boulders are 9 feet high by 10 feet long by 0 feet wide,

and G feet high by 7 feet long by G feet wide respectively.

About one mile south of Campbellpur there is a village named

Jassian. East by south from this village there runs a range of

hills known as the Rakh Kawa Gar. This consists of a main hill

range, consisting of Trias, Giumals, and Nummulitic Limestone, and

a minor ridge of Nummulitic I^imestone to the north of it. The two

ranges, the main one and the minor ridge to the north are separated
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by a valley, in which here and there shales are exposed. But up
to about three miles east by south from Jassian, the diale of the

valley-bottom is covered by what looks exactly like moraine material.

The deposit is a mixture of unsorted and miscellaneous material of

all sizes, containing boulders of Giumal or Nummulitic limestone

or of Attock slate or gneiss.

Again on the banks of the Haro river half-a-mile S. E. of Jassian,

there is an erratic of brown quartzite, 4 feet high, feet long, 3^
feet broad. This is close to the Rakh Kawa Gar, and could not be

derived from any concealed outcrop of quartzite. Mr. Middlemiss’

explanation does not therefore apply to these particular erratics,

while in the case of those erratics which rest upon alluvium, his

view is unlikely to be correct, considering the results of the geological

survey of the Attock district.

On the other hand, it must be admitted that there is no
evidence of ice-action, such as scratched rock-surfaces, U-shaped
valleys, etc.

But if we suppose these blocks to have been transported by the

catastrophic action of mud-avalanches, many of our present difiB.-

culties will disappear. It may be noted that the Attock Slates are

exactly the kind of formation which would break up under the action

of frost and thaw into mud, and that the great extent of the Attock
Slate and of the slate rocks of Hazara, described by Mr, Middlemiss
(which, according to my results are to be correlated with the Attock
Slates), would permit of the formation of mud-avalanches on a wide
scale, provided the other necessary factors were present. In con-

sidering this question, we have to ask what changes have taken place
in the Punjab within sub-Kecent to Recent times.

Among the most remarkable features of Baluchistan are the
great valley-plains of the interior, and the deep gorges of the rivers

draining those valleys, where they pass through

B«yucliUUti!*"*
outer border range of hills. Thus the

great Zhob valley, a broad open plain from
Hindubagh eastward past Kila Saifulla to near Fort Sandeman,
after passing the latter place becomes more and more shut in by
the hills until it passes through a deep gorge through Waziristan to
the plain south of Tank. So too, the Loialai and Thai Chotiali
Valley-plains are drained by the Beji and Nari rivers, which unite and
pass through a deep gorge, before reaching the plain at Sibi. We
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may compare also the valley-plains of the Dasht-i-Bedaulat and of

Quetta with the gorges of the Bolan and the Hamai in the outer

Baluchistan hills near Sibi. It is clear that uplifts along the ranges

of the outer hills have dammed up the valleys causing the deposition

of alluvium on a vast scale in the interior of Baluchistan, and leading

to the formation of gorges where the rivers pass through the border

ranges.

The same phenomenon is seen in the Punjab. One of the clearest

instances is the gorge of the Vahi river east of Mianwali in the Salt

Range at Nammal, and the lake or marsh

In *thc
plateau inside the Range. The gorge

of the Indus at Attock, though less pronounced,

is another instance of this rejuvenation of the rivers and of the uplift

within comparatively recent times of the outer ranges. Is it not

possible that the erratics of Jhand may be due to some catastrophic-

outburst of mud and water through the Attock gorge due to the

bursting of a temporary dam. It is assumed that the climate in

sub-recent (glacial) times in the Northern Punjab was considerably

colder than now, and throughout the Himalaya there is evidence

that glaciers had a wider extension in the past than their present

limits. In a period where glaciers were more widely extended, and

in which earth movements tended to the damming back of the rivers,

it seems possible that mud-avalanches on a far vaster scale than those

of the present day may have carried the erratics and moraine material

of the Attock district to their present position.

Source of erratics.

It may be asked whether we can say definitely from what part

the erratic blocks were derived. In the present state of our know-

ledge, this is not possible. Gneissose granite

is not found anywhere in the Attock district,

and there seems very little doubt that the gneissose granite erratics

come from Hazara, where this type of rock is found in situ. The

rock composing the two erratic blocks at Bura (see above) most

closely resembles specimen 9/498 collected by Mr. Middlemiss in

North Hazara near Manserruh (Long. 73°, 14'
; Lat. 34°, 18'). This

rock is described by Mr. Middlemiss (12, p. 70). Nevertheless the

resemblance is not such as to suggest identity, and the gneissose

granite is suflBciently widely diffused over Hazara, to render

impossible to guess the source of the erratics except vaguely ag

coming from the hills to the north of Attock District.
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Ill the papersjof Wynne and Theobald mentioned above, some

weight is attached to the levels at which the erratic blocks are found

in the present day. But, from what has been
Concluding remarks.

regarding the rejuvenation of rivers and

the formation of gorges, considerable changes of level have occurred

within comparatively recent times. The Indus of to-day is no

longer the Indobrahm, nor is the Soan more than a feeble relic of

its former self. Following the work of Sir S. Burrard and Sir H. H.

Hayden on the Himalaya and Tibet (19), Sir Edwin Pascoe (20, 21)

has given us some idea of the history of these rivers. He considers

that the Upper Jhelum “ must have formed a continuous tributary

with the Soan, and this river was no doubt responsible for the gravels

and alluvial deposits of the present Soan valley, since these are rather

more considerable than they would be, had they been entirely due to

the modern Soan.” (21, p. 464). Not only does the extent of the

alluvium indicate a mightier river in the past, but the extreme

coarseness of the gravels of the older alluvium would point to

steeper gradients. It is not my intention in the present paper te

enter into the difficult subject of Pleistocene drainage and changes

in the courses of rivers. Those who wish to investigate this,

should study Sir Edw in Pascoc's papers above quoted. But
enough has been said to indicate that profound changes have taken

place in this region of the Northern Punjab since Pleistocene times,

and it does not seem impossible that at a former period natural forces

were on sufficiently grand a scale to bring about such catastrophic

glacial outbiirsts of water or of mud-avalanches as might have

brought the erratic ))lock8 of Attock District to their present

position.
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THE Cretaceous Dinosaurs of the Trichinopoly

District, and the Rocks associated with them-

By C. a. Matley, D.Sc., F.G.S.

I.^INTRODUCTION.

Remains of Dinosaurs were discovered by H. F. Blanford in

the Ariyalur Group of the Cretaceous rocks of the Trichinopoly

district during the geological survey of that area in the years 1857-

60.^ A “ bone-bed ” was reported as beine^ situated near Kalla-

medu (Cullmoad),^ about six miles from Ariyalur, and numerous

bones were seen by him in it, but were so friable and saturated by

water that it was impossible to obtain any in an identifiable, condi-

tion. The best specimen had somewhat the form of a scapula and

measured 39 inches in length by 18 inches across at its broadest

end. As he found a megalosaurian tooth in the deposit he came

to the conclusion that the bones in the bed should also be assigned

to Megalosaurus. The tooth was afterwards described and figured

by Lydekker under the name of Megalosaurus sp.,^ but I can find

no further reference in geological literature to the scapula-like bone.

There is no record of any geologist having seen the bone-bed

since Blanford’s survey of this district. As the remains of dino-

saurs are rare in India, and as it is only in this district that they

occur in marine beds which contain cephalopoda and other zonal

fossils that enable the geological horizon of the bones to be fixed

with precision, it occurred to me that it would be worth while to

explore this deposit during my visit to India in February 1925.

The Director of the Geological Survey of India was sympathetic

with my proposal and was good enough to depute one of his Sub-

1 “ On the Cretaceous and other Rocks of the South Arcot and Trichinopoly diatriots,

Madras,'* Mem, Qeol. Surr. Ind.^ TV, pp. 139-MO (1805).

* There are many dififorencee between the spelling of place names in Blanford s memoir

and that in the latest taiuk maps, which I used for my field work. In this paper the

spelling in the recent taluk maps has been adopted and is followed in some cases by tlie

inaertion of the -older spelling in parentheses.

• Bee, Qed, 8un\ Ind., X, p. 41 and Pal, Indii a, Ser. IV, Pt. 3, pp. 2C-27, Plate VI, Cgi.

G and 7.
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Assistants, Mr. P. N. Mukerjee, to accompany me. I wish

to acknowledge the great help Mr. Mukerjee gave me in the field.

Our plan of work was to proceed from Trichinopoly by motor-

bus service to a rest-house at Toramangalam, near Perambalur,

which stands on the old gneisses, and from there to make a traverse

across the lower beds of the Cretaceous succession until the higher

beds were reached at Ariyalur. But, on learning that the motor-

bus travelled twice daily, we determined to go by the morning service

as far as Padalur, pay a hurried visit to the local base of the Creta-

ceous near Utatur, and complete the journey from Padalur to Peram-

balur in the afternoon. This little addition to the original plan

resulted in the unexpected discovery of some reptilian remains

near Neykkulam (Naicolum).

On arrival at Ariyalur, several days were spent in searching for

and examining the Kallamedu bone-bed, after which we marched

from Ariyalur to Utatur in order to make a further search for repti-

lian remains at Neykkulam before our return to Trichinopoly. Two
traverses were therefore made, one in ascending and the other in

descending sequence, across the greater part of the Cretaceous suc-

cession. A feyr remarks on the rocks and fossils will be made in

the course of this paper.

11.—THE CRETACEOUS SUCCESSION.

The area occupied by the Cretaceous rocks of the Trichinopoly

district is a classic region of Indian geology, and the survey by
Blanford, during 1857 to 18G0, with the description of the fossils

by Stoliezka, was the most detailed piece of geological and palaeon-

tological work that had up to that time been undertaken in India.

The strata range in age from Upper Albian to Danian, and it may
be recalled that Blanford divided them into three groups, a lower

or Utatur, a middle or Trichinopoly, and an upper or Ariyalur group.

In passing, it may be remarked that the name for the middle group

was not well chosen, as the Trichinopoly group is found nowhere

near the city of Trichinopoly and it covers a smaller area in the

Trichinopoly district than either of the other groups to which local

village names have been given.

The rocks consist chiefly of sands and soft friable sandstones,

with pebbly bands, among which are beds of clayey sand and clay

(often gypseous), calcareous grits and shales, and seams of highly

fossiliferous limestone. These strata lie on the Pre-Cambrian
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gneisses and granites of the west and south ; on the east they are

overlain unconformably by the Cuddalore Sandstone, outliers of

which are also found in the Cretaceous area. Each group of the

Cretaceous transgresses the group or groups below, so that each

group in turn rests in part on the basement gneisses. The rocks

have a low dip, are little disturbed, form a flattish expanse of

country, intersected by sandy imlas and are covered in places by

regur and other superficial deposits.

I was able to see the nature of the deposits during the two

marches between the base of the Cretaceous on the west and Ariyalur

on the cast, and to collect a few fossils. My fossil list includes the

following species :

—

I.— IJtatnr Group,

(a) 8} miles from Perambalur, on the Ariyalur road.

Lima ootatoorensis Stol.

Ostraa cf. diluviana Linne.

Exogyra sp. indet.

(b) Limestone, north of Odiyam (Odium) village.

Plychoceras glaber (Whiteaves) Kossmat.

Lima interpunctata Stol.

Pinna intumescens Stol.

Trigonoarca gamana Forbes.

Exogyra haliotoidea Sow.

Turritella nodosa Roemer.

(c) Odiyam (Odium) village.

Eucalycoceras sp. (newholdi grou})).

{d) J-mile S. E. of Neykkulam (Naieoliim).

Eucalycoceras ? sp. indet.

Acanthoceras sp. cf. meridionale Stol.

Turrilites costatus (Lam.) Stol.

Puzosia sp.

Trigonoarca cf. abrupta Forbes,

Phasianella incerta Forbes.

II.—Trichinopoly Group.

(a) Pilimisai (Pelamasey) vilhige.

Scaphites similaris Stol.

Gyrodes pansvs Stol.

Chemnitzia undosa Forbes.



340 Reoordi of the OeoHogical Survey of India. f Vol. LXI *

III.—Afiyaiur Group.

(a) ] miles from Perambalur, at the bridge on the Ariyalur

road, S.B. of Mattur.
‘ Holcodiscus' or ‘ Puzosia,^ new or malformed.

Trigonia semicuUa Forbes.

Eriphyla lenticularis (Goldf.).

Pecten quinquecostatus (Sow.).

Alaria sp. indet.

(b) 17 miles from Perambalur, on the Ariyalur road, near Alli-

nagaram.

Madiola typica Forbes.

Leptomaria indica Forbes (covered by Ostrcm).

(c) North-west of Ariyalur.

Ostrcea arrialoorensis Stol.

OsirCBa vesimdaris Lamk.

Plicatula instabilis Stol.

Pecten quinquecostatus Sow.

Anomia sp. indet.

Natica sp. indet.

(d) 1 mile W. of Ariyalur.

Hauericeras gardeni (Baily) Stol.

Hercoglossa.

Pecten curmius Geinitz.

Plicatula instabilis Stol.

Ostrcea vesicularis Lamk.

(e) 1^ miles from Ariyalur, on the Ottakovil road.

Cyrtoma nov. sp. ct. planatum (Forbes) (very abundant).

(/)
‘ f ryphflea’ pisolitic limestone, S. of Ottakovil.

Ostrcea vesicularis Lamk.
Exogyra ostradna Lamk.

(g) Near Ottakovil village.

Ostrcea ungulata Schloth.

RadioUtes sp. indet.

(A) J-mile N. of Ottakovil.

Stigrmtopygus elatus Stol. (very abundant) {^CyrUyrm
herscheHanum McClelland,
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III,—THE KAIXAMEDU BONE-BED.

The best way to reach the Kallamedu bone-bed from Ariyalur

is to take the cart-road to Tamaraikkulam. Here the road forks

and there is a choice of taking either the northern road to Ottakovil

(Ootacoil) and striking eastwards across country for about IJ miles,

or of taking the eastern cart-track through Venkataramapuram to

Kallamedu (“ Cullmoad ” of Blanford’s memoir) from which village

the nala should be followed northward. The ossiferous bed lies to

the west of the nala in uncultivated and unenclosed country, and we
experienced some difficulty in locating the deposit. Our first attempt
resulted only in finding, in small stream-courses, a friable sandstone

or sand-rock containing sandy concretions, many of them having
a superficial resemblance to bones. Later, we found a few in-

dubitable fragments of bone lying in the bed of the Kallamedu
water-coiuse, and by following them up into its eastern branch we
at last discovered, on the plateau surface, a bone 36 inches long.

More bones were found later in the same neighbourhood. The best

indicator for a stranger who may wish to see the deposit is a bed
of red clay, mentioned by Blanford (of. dt., p. 139), the brightly-

coloured escarpment of which makes a conspicuous feature in the

landscape at a mile’s distance. The bones should be looked for in

the basal part of the sandy beds that lie on the clay.

The beds in which the bones are found are sands containing many
sandy nodules and occasional scams of fibrous gypsum. The bones

are not numerous, and are scattered. We foimd ten in all, seven of

which were exposed within a radius of about fifty yards
; the three

others lay, well separated, about 100 to 150 yards away. All of

them were found at the surface of the deposit and had been almost

completely disinterred by denudation of the surrounding soft sands,

so that each formed the crest of a little mound. The region in

which they occur is arid, desert-like and shadeless, dissected by
small nalas or stream-courses and bearing a sparse growth of low

xerophytic scrub from which a few goats get what sustenance

they can. Blanford appears to have discovered the bed during

a monsoon period as he found the bones saturated with water,

but at the time of our visit (February, 1925) the ground wets very

dry, as also were the bones. As was the case in Blanford’s time

the bones were in bad condition, sub-eierial agencies having played

havoc with them. Saturation during the monsoons alternating

with desiccation during the dry seasons, and expansion by day
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under the intense heat of the unshaded tropical sun followed by

contraction at night had split all the bones into fragments, and we

foimd a talus of large and small pieces lying on the slopes around

each bone. We spent much time in endeavouring to repair the

bones sufficiently in the field to enable them to be conveyed to

Calcutta, but our efforts were in vain as the lower surface of each

bone was foimd to be as shattered and damaged as the exposed

upper surface. For the following description I have therefore to

rely on my field notes.

It is remarkable that all the bones found, ten in number, were

limb or girdle-bones, and that not a single vertebra, rib, tooth, scute

or other part of the skeleton was discovered. One important result

of the examination was to show that these remains do not belong

to a megalosaurian, as Blanford supposed, as their characters are

quite distinct from those of the Theropoda. They are almost cer-

tainly sauropodous bones.

One of the bones was an upper limb-bone, probably a femur,

possibly a humerus. Its proximal end and the greater part of the

shaft had been badly damaged by exposure to the weather and a

long train of fragments lay around it. Its distal end was still em-

bedded, and excavation revealed the two condyles. The shaft

was 12 inches across at its narrowest part. Its length as seen was

GO inches, and its full length was probably more. A rough sketch of

this bone is given in figure 1. Another bone appeared to be the

Fia. 1. Restored outline of large limb-bone (femur or humerus) from
Kailamedu bone-bed.

proximal end of a great femur, of which the shaft and distal end had
been completely destroyed. The part still left measured 23 inches

long and 23 inches across. It could not be removed as it was cracked
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into small fragments with their edges so corroded that the adjacent

fragments did not fit. A third bone was probably part of a large

sanropod scapula, but it was badly shattered and only a portion was

preserved. One edge formed a concave curve 27 inches long
;

it

was at least 18 inches wide, and had a thin flat expansion at the side

opposite the curve.

//

Fio. 2. Diflintopratod portion of a bono, ]>oasibly a poapula, from
Kallamedu boiu -lKMl.

Of the remaining bones three were so fragmentary as to be un-

identifiable, but they api)eared to be parts of limb-bones. The
others were certainly limb-bones. One was originally at least 50

inches long, another 42 inch(‘S in length. A length of 36 inches was

left of another shattered bone. The last one was a massive limb-

bone, destroyed by surface erosion, with fibrous gypsum adhering

to parts of its surface.

From the above description it will be seen that the remains

belong to one or more gigantic animals. From their shape, size and

geological age it is clear that they are dinosaurian. They have the

massive and solid character of sauropodous bones
;
some of the

‘smaller are possibly stegosaurian. None of the bones found is

theropodous, though Blanford's discovery of a megalosaurian tooth

shows that theropods also lived in this region conteinporaneously.'

The only Indian genus of dinosaurs, described up to the present

time, which attained the dimensions of the Kallamedu reptiles is

Titanosaurus. The type of the Indian genus (T. indicus) comes

from Jubbulpore from a Cretaceous horizon which seems to be lower

^ The presenoo of Megalosaurids in this area has been confirmed by material recently
^escribed by C. E. Narayan and B. E. Beshaohar. See the addendum to this paper.

0
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than the Kallamedu deposit,^ but the genus is also recorded from the

highest beds of the Cretaceous system in Patagonia, in France and

in Transylvania, It is just i)ossible, therefore, that the Kallamedu

bones belong to a Titanosauiid, but their condition is so poor that

they cannot be even gencrically described.

The horizon of the ossiferous sands of Kallamedu can be closely

fixed on stratigiaphical and pateontological evidence. The An-

valur group, the highest of Blanford’s three groups, is of Upper

Cretaceous age, and Blanford subdivided this group into three sub-

groups,'—a lower (fossiliferous), a middle (almost unfossiliferous),

and an upper (fossiliferous) sub-group. The ‘ bone-bed * of Kalla-

medu lies near the base of his middle sub-group. Now, the beds at

and near Ariyalur itself, in the lower sub-group, are of Upper Seno-

nian and Msestrichtian age, and there at Sendiirai (Sainthorav)

and Ninniyur, in the upper sub-croup, are Danian. The dinosaurian

remains that lie between the two belong therefore to a Maestrichtian

horizon.

The stratigraphical position of the bone-bed in the Ariyalur group is

shown in more detail in figure 3. The beds dip very gently to the

north or north-east at an angle of usually 2 or 3 degrees, the dip

apparently rarely exceeding 5 degrees, and as the country rises from

Ariyalur to Kallamedu there is an ascending sequence of the strata.

The sands and sandy clays near Ariyalur, which lie some distance

above the base of the Ariyalur group, yield the Upper Senonian and

MeBstrichtian fauna shown in the fossil list III (c) and (d) on page 340.

Sands with some sandstone bands continue in upward succession up

to about miles north-east of Ariyalur, where, on the Ottakovil

road, I found a new fossiliferous locality. The exposure there

consists of soft sands (in which I found no fossils) overlain by clayey

sand from which I collected about 200 echinoids in half an hour.

Only one form is present, a new species of Cyrtoma {Stigmatopygus)

which in shape and proportions closely resembles according to

Prof. H. L. il^wkins who has examined the specimens, Cassidvhis

jlanitas Forbes from the Utatur beds of Moraviatur ; and it is

associated with many fragments of Inocefamus and an occasional

gasl^eropod. More sands follow, and then a bed of sandy pisolite,

f^ll f valves of Ostrcea vesicularis, make a flat tract of uncultivated

country. This oyster bed, which is three feet thick in one place

^ For a diaouMion of the age of the atrata containing THanoeaurtts indicutf and T •

bltmfordi aee Matiey. Etc. Oedt, 8urv, Ind,^ LUI, pp. 167 162 (1921).
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where I measured it, extends for miles in a N. E. direction towards

Ottakovil where it appears to be covered by higher beds. Blan-

ford {op. cit,, p. 135) noted the abundance of a ‘‘ large species of

Oryphcea in this district “ scattered over the surface,”

but did not apparently recognise that it formed a persistent bed.

The strata overlying the Ostrcca bed include the sandy and shaly

beds east of Ottakovil where Blanford found (op. cit.y p. 136) one

of the richest fossil localities of the formation.” The cephalopoda

collected by him from these beds are of Meestrichtian age. My own
collection consists only of Radiolites sp. and Ostrcca ungulata, as

we had no time to search for the highly fossiliferous band, but

Mr. Mukerjee found half a mile north of Ottakovil village an

exposure of soft buff sand and sandstone extremely rich in echinoids

belonging to a larger species than that found in the echinoid bed

nearer Ariyalur. Several hundreds could have been collected at

this exposure in an hour or two. The species is generally known as

Siigmatopygus elatvs Stol., but Prof. H. L. Hawkins, who has kindly

studied my specimens, tells me that it has been described earlier

(1840) by McClelland as Cyrioma herschelianvm. The geological

position of this echinoid bed is probably a little lower than Blan-

ford’s cephalopod bed mentioned above. Sandy strata continue

above the fossiliferous horizon until the red clay band is reached on

which the dinosaurian bed lies. About two miles further on comes

the fossiliferous Danian zone of Sendurai and Ninniyur, which I

have not been able to visit.

During our search for dinosaurian bones around Kallamedu

we made an interesting discovery of fossilised mammalian remains.

We picked up a number of teeth and pieces of jaws of Bos (or Buffelus)

and EquuSy lying in and around the Kallamedu Nala, which differed

from the remains of domesticated animals (which also are found)

by being heavy and decidedly mineralised. I brought some of

them to Calcutta and they are now in the collection of the Geological

Survey. Dr. G. E. Pilgrim thinks they may have been derived from

the Cuddalore Sandstone, which he regards as of Pliocene age.

There is no doubt that the Cuddalore Sandstone once overlay this

area, but Blanford’s map shows no outlier in the drainage basin of

the Kallamedu Nala. The fossils therefore suggest that either a

small outlier has not been mapped or the denudation of one has

recently been completed. They also suggest that the mammalian
horizon is at the base of that sandstone.
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IV.—VERTEBRATE REMAINS IN THE UTATUR GROUP.
In Blanford’s memoir there is a reference to a supposed discovery

of dinosaurian remains in the Utatur beds by Adolphe Schlagintweit
in 1866. The passage reads as follows :

—

‘ The late Mr. Adolphe Schlagintweit also paid a brief visit to

the known localities of the Cretaceous rocks in the early

part of 1856, and published a brief notice of his observa-

tions, which was reprinted in the 2nd number of the Journal

of the Asiatic Society, Bengal, for 1857 (Vol. XXVI, page
109). Except the important discovery of the remains of

a gigantic Saurian, supposed to be an Iguanodon, near

Ootatoor, there is but little referring to the Cretaceous
rocks in Mr. Schlagintweit' s paper that had not been noticed

by previous observers.’ {op. cit.^ p. 9).

The paper quoted by Blanford, however, contains not the slightest

reference to the alleged discovery, nor can I find any allusion to it

in any other contemporary publication. As it seemed unlikely

that Blanford would have made his statement without some foundation
I WTote on the subject to Mr. T. H. D. LaTouche who after enquiries

ascertained that A. Schlagintweit's journals are preserved in the
State Library at Munich, and obtained, by the courtesy of Prof.

Dr. Ijeidinger, a copy of the explorer’s manu8cri]>t field-notes relat-

ing to his visit to Utatur and neighbourhood in March 1856. They
show that he found a large bone at Garudamangalain in a soft

yellowish sand}^ bed containing ammonites, close to the outcrop of

the hard shelly limestone known as ‘ Trichinopoly marble.’ This
bone, the only one found, was a piece of a long bone but it had no
special characteristics and was unidentifiable. No dimensions are

given. He makes no mention of Iguanodon, or even that the bone
is reptilian. The supposed discovery of Iguanodon m India must
therefore be disregarded. Blanford himself makes no further allu-

sion to it, and his only mention of vertebrates in the IHatur group
is on page 78 of his memoir, where he says that their remains are
‘ very scarce, the vertebra) and teeth of a fish (a shark) and a few
bones of doubtful nature being the only instances of their occur-

rence.’ The Utatur area was searched later for fossils by R. Bruce
Foote, who in his “ Rough Notes records the discovery of large

vertebrae of Ichthyosaiurus (afterwards described by Lydekker) and
sharks’ vertebrae and teeth, but he found no other reptilian remains,

Surv. Ind., XII, pp. 159-162 (1879).
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During our visit to Utatur and neighbourhood, however, we

discovered a large number of reptilian remains at a locality half a

mile east of Neykkulam (Naicolum). They occurred in black soil

(regur) overlying buff sand and soft sandstone of Cenomanian age and

consisted of about 650 fragments of dermal armour accompanied

by a few spine-like objects and some bones. All the specimens were

collected from a tiny area not more than a square yard in extent

and were found close to the surface and down to a depth of 12

inches. Each was coated with a thick incrustation of carbonate of

lime. The scutes and spines appeared to represent part of the armour

of a Stegosaurian, and they were described as such in a short pre-

liminary note read to the British Association at Southampton

in August 1925,^ but the incrustation has since been removed from

the material and further examination shows that some of the small

bones are chelonian and that many of the ‘ scutes ’ may be smashed

fragments of a carapace. There are difficulties in accepting the

whole of the material, especially the spine-like objects, as chelonian,

but pending the completion of the study of these bones it will

be better to regard as cancelled the statement that they arc

dinosaurian.

V.—CONCLUDING REMARKS.

It will be seen from the above account that at' least two groups

of dinosaurs survived in Southern India up to almost the* close of

Cretaceous times. The Msestrichtian beds of the Ariyalur group

of the Trichinopoly district contain the remains not only (as was

previously known) of carnivorous saurischia (Megalosaurids) but

also of gigantic sauropoda, possibly Titanosaurids. There is a

possibility that dinosaurian remains occur also in the Utatur group.

It is also recorded that fossil teeth and portions of jaws of Bo$

(or Buffdus) and Equus occur in the Ariyalur area and have probably

been derived from the Cuddalore Sandstone.

In conclusion, I desire to express my grateful thanks to the

staff of the Geological Department of the British Museum (Natural

History) for identifying the invertebrate fossils recorded in this

paper, and to Prof. H. L. Hawkins for examining the echinoids,

which appear to be of limited vertical range and may define two

palaeontological zones.

’ Rep. Brit Absoc, for 1926 (1926), p. 314.
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VI.—ADDENDUM.

Since the above paper was written my attention has been called

to two papers published in the Half-Yearly Journal of the Mysore

University (Vol. I, No. 2 for July 1927)/ from which I learn that

the Ariyalur area has been recently visited by the geology students

of the University, under the direction of Prof. P. Sampat Iyengar,

and also by the zoology students. These two parties have been

fortimate in finding a number of dinosaurian bones, including

a vertebra, ilium, scapula, coracoid, head of a humerus, a tooth

with a portion of the dentary, and limb bones mostly in a broken

condition. This discovery is of importance as it is the first time

that Southern India has yielded identifiable remains of dinosaurs.

In the preliminary account of them given by the authors the tenta-

tive conclusion is arrived at that “ the fossils must belong to a

dinosaur reptile hitherto undescribed.’’ From their account and

figures it is clear that a theropodous dinosaur is represented in the

collection, and sauropodous or stegosaurian bones are probably also

present.

Owing to the construction of a new railway line from Trichinopoly

Junction to Villupuram, the Ariyalur area has become much more

easily accessible to geological investigation than it was at the time

of my visit. It is to be hoped, therefore, that more geological

visits will be paid to this interesting area, and that any further

bones discovered will be carefully preserved and submitted for

scientific examination.

* C. R. Narayan Rao and R. R. Seshachar. ‘ A Short Note on Certain Fossils taken
in the Ariyalur Area (S. India).* pp. 144-162 ; and L. Raraa Rao ‘ Notes on the Upper
Cretaceous Rooks near Ariyalur, o. India,* pp, 163-7.
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Some Orbitolin/e from Tibet. By G. de P. Cotter,
Sc.D., F.G.S., M.Inst.M.M., Superintendent, Geological

Survey of India. (With Plates 27 and 28.)

The late Sir Henry Hayden, during his last visit to Tibet in the

year 1922, collected several specimens of OrbitoUna limestone from

north of Lhasa, and from the region of the Great liakes about 200

miles W.N.W. of Lhasa. These specimens were stored in the Geolo-

gical Survey Office, Calcutta, and registered under the numbers K.

21/530, K. 21/531, and K. 21/536. A preliminary examination of

Sir Henry Hayden’s collection including many other specimens from

different horizons was made by Dr. J. Coggin Brown in 1923, who

recognised several upper Palteozoic, probably Permo-Carboniferous

species, one doubtful Jurassic ammonite, and the orbitolines, which

last are of Cretaceous age. The specimens of OrbitoUna, which come

from three distinct localities, were handed to me by Sir Edwin Pascoc

in 1928 for description. I give the results of my examination below.

The localities of the specimens are as follows :

—

K. 21/530. South foot of Khan-sang La, N.E. end of Kya-

ring Tso. In the map accompanying Hayden and Cos-

son’s l)Ook, “ Spoit and Travel in the Highlands of Tibet”,

the Kya-ring Tso is shown as a long narrow lake, some

40 miles long by 7 or 8 miles wide, and extending in a

W.N.W.—E.S.E. direction. Tlierc is a Kam-sang La
marked about 18 miles N. of the E.S.E. end of the lake,

and another Kam-sang La close to its W.N.W. end.

It is probable that the latter locality is the one meant

and that the entry N.E. in our register is a lapsus

for N.W.
K. 21/531. Kyatsok. This is at the N.W. end of the Kya-ring

Tso in lat. 31° 35'; long. 87° 50'.

K. 21/536. Lhundub Dzong, about 17 miles north of J^hasa

;

lat. 30° 35'; long. 91° 15'.

The last mentioned locality is just outside the area geologically

mapped by Sir Henry Hayden in 1904 (11)J

The age of the OrbitoUna limestone must be estimated on the

evidence of the fossils themselves, since there are no geological notes

1 Tbo numbers in braokots refer to the references quoted in the bibliography at the
end of this paper.



Part 4.] Cotter : Some OrbitoUnce from Tibet, 351

available whereby the age of the limestone could be fixed through its

stratigraphical position.

The best preserved specimens of Orbitolina come from Kyatsok

(K. 21/531). From this locality, we have in the Museum three

tubes filled with Orbitolina and one specimen of limestone made up

of crowded masses of Orbitolhta cemented together in a calcareous

matrix,.

As it was impossible to separate the orbitolines from the matrix

in this single specimen of limestone available from Kyatsok, my
colleague Dr. W. A. K. Christie estimated the silica in some of the

orbitolines from one of the three tubes above mentioned, and

also in the single specimen of Orbitolma limestone. He found 5*26

per cent, of silica in the orbitolines and 2*91 per cent, of silica in the

Orbitolina limestone. These results show that the silica present

is mainly confined to the orbitolines, and generally agree with the

previous descriptions of Orbitolina, which is described by Martin

(3), Douville (5), and others as a sub-arenaceous genus of the Fora-

minifera and is usually rich in silica.

The orbitolines from Tibet are apparently a single speedes repre-

sented by both megalospheric and mierospheric forms. There are

two types, a small conical, and a larger flatter disc-shaped one, and

some of intermediate' shape. While the larger flatter forms appear

to be invariably mierospheric, the remainder, including the smaller

but flattish forms and the conical specimens are not invariably

megalospheric. There is every gradation in shape between the

extremely conical and extremely flat specimens. Amongst the coni-

cal forms 1 have found a few specimens in which the megalospheric

central cells are preserved
;

these specimens measure from 3*5 to

4 mm. in diameter. In the microscope section, shown on Plate V,

figure 12, a rather flat megalospheric individual is showm. The mega-

lospheric forms therefore tend to be, but are not always markedly

conical in shape
;
they are considerably smaller than the mierospheric

adult forms.

H. Douvill6, (G, p. 568) who was the first to study the relation-

ships of the megalospheric and mierospheric forms, states that the

two forms almost always differ, the former being conical, and the

latter discoid ;
thus he shows that U, conoidcu and 0. discoidea form

a couple representing forms A and B of a single species. In regard

to the present Tibetan species, I regard this statement as broadly

correct but not rigidly so, since some of the megalospheric forms are,
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as has been seen, rather flat. It may be assumed however that the

larger flatter forms are microspheric. The Tibetan species of

Orbitolina differ, so far as I am able to ascertain, from any other

previously described species, and may be given a new specific name
0. tibetica. The description is as follows :

—

Orbttolina ttbetica sp. nov.

Description,—Test in larger forms always discoidal and measuring

up to 10 mm. in diameter, with a thickness of 2 mm. or less ; the

upper surface has a central boss, which spreads out into a saucer-

shaped disc. The lower surface is convex near the margins and

hollowed out in the central region. The margin is fairly sharp-

edged, and not fully rounded as in 0. bulgarica. There is every

gradation in shape from the flat or discoidal forms to the conical

forms
;

in the latter, which are always small, the upper surface is

a fairly perfect cone, with an angle which may be as acute as 90°.

The under surface of the conical forms is usually hollowed out and

rarely flat or gently convex as in 0. conoidea (see 5, Plate XVII,

figure 2). In this feature it differs from 0. paronai and 0. bulgarica

as figured by Prever, (14, Plate I, figures 4 to 11), but recalls the form

0. bulgarica var, Janenschi from East Africa described by W. 0.

Dietrich (10, Plate IV, figures 4 and 5). The smaller conical forms vary

from 5 mm. to 2 mm. in diameter with a height of from 2*5 to under

2 ram. In the better preserved forms, the upper surface of the

test is seen to be composed of a thin lamina probably imperforate,

supported by a mesh structure, the r seau poutrdlaire of H. Douvill^

(5, p. 658). Immediately underneath this are the rectangular cells

arranged in concentric circles, and separated by circular lamellm,

which are from 053 to *059 mm. distant from one another. Good
vertical sections show the sub-divided “ cortical cells noted by
L. M. Davies, (7, p. 238 and PI. XVII, figure 10) which form the super-

structure of the large rectangular cells, and lie in the region of the

reseau poutrellaire. We may also compare Martin’s figure, (3, Plate

XXIV, figure 11), in which septa of the 3rd order are shown, sub-divid-

ing the superstructure of the rectangular cells. It may be noted

that in Martin’s paper, the undersurface of the Orbitolina is spoken of

as the upper surface, and vice versd.

The rectangular cells are rectangular only in the neighbourhood

of the surface
;
in depth they become irregularly shaped and tend to

be triangular (see Plate 27, figure 2). A transverse section perpendi.
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cular to the axis and near the base of the test shows the zig-zag

radial or irregulai (Plate 27, figure 4) disposition of the septa, which

may be compared with figs. 2, 3 and 4 in Plate XVII accompanying

H. Douvill6’s paper on the structure of the Orbitolines (6). In

comparison with the species of OrbUolina figured by H. Douvill6,

it may be observed that the Tibetan species are of a very fine texture,

like that of 0. concam, with very much finer and more close-set

concentric lamellae.

Both in horizontal and vertical sections the tests show frag-

ments of foreign material which has been incorporated therein.

K. Martin, (3) describes in the Orhitolince from Borneo certain

“ fremdkorj)orchen ” or small foreign bodies mainly of quartz,

but occasionally of felspar. In my specimens from Tibet, which

are more calcareous than is commonly the case in this group, the

foreign material appears to be mainly calcite, and is in origin pro-

bably derived from fragments of comminuted shells.

Relations mid differences.— Gevtsim Orbitolince from South Western

Tibet were described by H. Douville in Sven Hedin’s great work on

Tibet (15, Vol. V, p. 145 and Plates IX, X, XI) from Lower Cretace^

ous rocks. Amongst these a couple is described, the megalospheric

form of which is identified with 0. hulgaric/iy and the discoidal form

is compared with 0. discoidea. In Douvill^’s Plate IX, figure 3, this

0. cf. discoidea appears to have concentric lamellae set at about

•076 mm. apart, which indicates a species with considerably larger

rectangular cells than in O. tibelica. Moreover Douville s|>eaks of

a spiral arrangement of cells near the raegalosphere of a megalo-

spheric individual (0. bulgarica). J see no trace of any such spiral

arrangement in my specimens, which therefore differ both in this

respect and in the size of the rectangular cells from those described

by Douville. It is necessary therefore to regard my specimens as

specifically quite distinct from those described by H. Douville.

From the European 0. discoidea Gras and 0. conoidea Gras,

which may be regarded as a couple constituting forms A and B
of a single species, the Tibetan form is distinguished by the fine

and close-set concentric lamellae, which in 0 . disixndea-conoidea

are from ’08 to *09 mm. distant. In the Borneo specimens described

by Fritsch (2) under the generic name of Patdlinay (P. sciUum

and P. trochus), which may, as H. Yabe and S. Hanzawa (8) have

pointed out, be regarded as a couple forming one species 0 . scutum-

trochusy the texture is coarser, the test more arenaceous, and the
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concentric lamelleo are distant -08 mm. The nearest relation to the

Tibetan species is 0 shikohuensis Yabe and Hanzawa ;
in this

species the concentric lamellee are *056 mm. distant, that is, about

the same distance as in our species. In both species the texture is

extremely fine, but the Japanese species does not appear to exceed

4 mm. in diameter, while the Tibetan form attains 10 mm. Another

species which closely resembles the Tibetan form is that described

under the name 0. bulgarica var. Janenschi by W. O. Dietrich,

(10) from East Africa. Dietrich omits to give any miciophotographs

whereby the distance of the concentric lamellae can he calculated,

and I cannot therefore be certain whether the two species are dis-

tinct or the same.

An account of certain orbitolines from Shushal near Leh in

Ladakh is given by E. Fossa Mancini in the report of the Filippi

Expedition (16, p. 189). In this two species 0. pileus and 0. parma

are described
;
in the description of the latter species, the concentric

lamellae are stated to be 10 mm. distant from one another
;
the species

is therefore quite distinct from the one now described.

Horizon and Age,—It is not possible from stratigraphical evi-

dence to fix the age of the Orbitolina. The species is apparently a

new one, although resembling closely 0. shikohuensis and the East

African species which Dietrich regards as a variety of 0. bulgarica.

In Japan, the beds from which 0. shikohiensis comes lie at the base

of a Trigonia-heB^iin^ sandstone, and are apparently of Hautorivian

age. The East African species appear to be of Urgonian age.

Douville (15, Vol. V, p. 147) places the Tibetan forms which he

identifies with 0. bulgarica in the Barremian. Orbitolina ranges

in Europe (6) and in Japan (8) from the Lower Cretaceous to the

Cenomanian. But if the orbitolines come from approximately the

same horizon as those described by H. Douville from Tibet, it is

possible that the Lower Cretaceous is represented. A horizon such

as the Hauterivian or Barremian appears to be the most likely for

these Orbitolines, but there can be no certainty about this until

further work has been done in the field.
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EXPLANATION OF PLATES.

Plate 27.

Fios. 1 to 8.—OrhUclina tibetica n. sp., magnified 3*66 times. Figures 3 and 7

are flat forms ; figure 4 is the most oonioal ; figures 1, 2, 5, 6 and

8 are moderately conical forms. In figures 2, 4 and 6 the external

ornamentation is well preserved.

Fios. 9, 10.—Orhitolina tibetica n. sp, ; disooidal forms showing oonoentrio lamelle

and central boss. Magnified 18 times.

Fia. 11.—Vertical section through two specimens of 0. UbeUca, which are cemented

together by calcareous matrix. Magnified 13 times.

Fxa. 12.—^Vertical seotioo through a megalospheric form. Magnified 23 times.

KaTB.«^The specimens figured in figures 1 to 1 Ure from Kyatsok ; that shown

in figure 12 »trom Lhundub Daong.
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Plate 28.

367

Fio. 1 .—Orbitolina tibelica n. sp. Specimen etched with diitite HCl, to expoee the

concentric lamellae. Magnified 34 times.

Fig. 2.—Horizontal section through another specimen in a latitude below the region

of rectangular cells. In this the lower portions of the rectangular cells

are seen to have roughly triangular or irregular outlines. Magnified

23 times.

Fjo. 3.—Vertical section through a discoidal specimen of O. tibelica not traversing

the central boss. Magnified 13 times.

Fig. 4.—Horizontal section through another specimen of 0, tibelica at a lower

latitude than that of fig. 2. Magnified 23 times.

Fig. 6 .—Oblique section through a megalospheric form of a moderatelv conical

type. Magnified 13 times.

Note.—All the specimens are from Kyatsok.
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Note on the Joya Mair Dome Fold, near Chakwal,
Jhelum District, Punjab. By D. N. Wadia, M.A.,

B.Sc. (Bombay), F.G.S., F.R.G.S., Assistant Superinten-

dent, Geological Survey of India. (With Plate 29).

During the course of my survey of the Chakwal area, in the wide

zone of Upper and Middle Siwalik strata along the S. E. flank of

1 cation
Soan geosyneline, an anticline with a

dome termination and steep pitch was mapped,

which by nosing, one and a half miles south of Joya Mair village

(33° 1'
;

72° 45'), produces a type of fold commonly designated a

‘‘ semi-dome,” encompassing over ten square miles. This type

of structure is very uncommon in this belt of broad sweeping flexures,

and as it lies within an area of active petroleum prospecting, a

brief note is here subjoined. If petroliferous beds exist in the area,

they are probably within easier reach of the drill along the crest

line of the Joya Mair dome fold than elsewhere in the Chakwal and

adjoining parts, by reason of the fact, ascertained during the same

survey, that the thick series of Murree sandstones, which intervene

between the Siwaliks and the oil-generating Nummulitics, are cut

out by an unconformity, which is clearly visible in all contiguous

exposures of the latter series. Sixte(*n miles south-west of Chakwal,

basal Siwaliks of the Kamlial horizon, containing Mastodon and

derived nummulites, lie unconformably on a series of extensive dip-

slopes of the U})per Nummulitics, while twelve miles south of

Chakwal the unconformity becomes even more marked, for the Kam-
lials are found to rest there directly on the Lower Nummulitic

limestones.^

The Joya Mair dome lies on a level, much dissected plateau,

composed of Middle Siwalik rocks with a capping of alluvium,

at the W.S.W. extremity of a long, symmetri-

and^rdationl.
cal, gently-folded anticline, striking E.N.E,

towards Padshahne. West of the village of

Dhab a pronounced elevation of the axis of this fold takes place

and brings to the surface an irregular elliptical core of the under-t

* Pjrector’p Gener^ Report t Bee, Oeol, 8ury,, Ind„ JjX, p. 103, 1927.
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lying Chinjis, consisting of bright, brick-red nodular clays, with

soft sandstone intercalations. To the north, west and south of this

core the fold expands, with quaquaversal dips of low inclination,

Varying from 25° to 5°, the dome termination of the fold having an
observed radius of from 3-4 miles in these directions. The qua-

quaversal dips are seen clearly in the alluvium-covered exposures to

the west, between Maingam and Buie and in the water-courses to

the north and south of these villageig. To the east the dome-fold

passes into a single symmetrical anticline at Dhab, for the most part

concealed under alluvium.

The Chinjis are the oldest rocks exposed in the centre of the fold.

Thickness of about 900 to 1,000 feet is exposed out of a total

of 3,000 feet, the maximum thickness attained

powd^*^"^**””***^”*
Chinjis in this part. The Karalial

stage, the next underlying stage, and the main

sandstone formation of the Lower Siwaliks, must, therefore, be at

least 2,000 feet below the crest line. The Chinjis are overlain by the

grey soft sandstones, with brownish clay partings, comprising the

Middle Siwalik series which constitutes nearly | of the area of the

dome. These in turn are succeeded, after a thickness of over 4,000

feet, by the Upper Siwalik clays and sandstones (sand-rock), along

the north and west periphery of the dome, nearly 5^ miles away
from its central part. These various Siwalik stages show distinctly

transitional passages, above and below, and hence the boundary

lines separating them are to some extent conventional.

The crest of the elongated dome is defined by a rather steep,

asymmetrical anticline which runs through the ^southern third part

of the ellipse of Chinji rocks, following the

foW*
crest of the dome-

jj^ain strike, but with many abrupt bends.

At the west extremity, the anticlinal core has,

for some hundred yards, a vertical dip, but further east the steep-

ness diminishes and the narrow south limb has an inclination of

60°-70°, gradually diminishing to 10° on the S.S.E. flank. The

opposite broader limb has an inclination of 40°-25° within the Chinji

ellipse, gradually falling away to 10° and 5° to the north and north-

west, along the periphery. This limb supports a small subsidiary

syncline, pitching sharply to the west and hence canying a rib of

Middle Siwalik sandstones. This circumstance has produced a fork-

ing of the Chinji core at the north-west corner. The soft incompe-

tent Chinji clay strata show a considerable amount of disturbance,

p
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aooompanied by frequent dip and strike discrepcmcies in this central

axial belt of the fold.

Nearly half the area of the dome, the eastern half, is covered by

thick sub-Eecent alluvium with scarcely any exposures, between

Joya Mair and Dhab. The central and western part of the dome is

all rocky and is intersected across the strike by the two branches of

the Sauj-Kas stream and their numerous deep tributary ravines

meandering through the plateau and producing the intricately cut

hhuddeta type of ground, which makes geological investigation some-

what difficult and protracted.

Besides some minor dislocations of strata in the region of tight

plication along the axis, the main area of the Joya Mair dome is

Faults.
from faulting of any magnitude. One

strike-fault, however, of inconsiderable throw,

occurs on its S. W. flank in the Middle Siwalik sandstone cover. It

starts just N. W. of Dhakku and proceeds due west for three miles,

when it disappears under the alluvium and probably dies out. On
the north side of the fracture, Middle Siwalik beds dipping 40° to the

6. S. E. are thrown against beds dipping S. S. W. at 10° of the same

stage, but probably newer.

Whether the existence of a productive oil-bearing horizon in the

southern part of the Potwar be a fact yet proven or not, the stnietuie

represented by the Joya Mair dome is of a

favourable for the underground storage

of oil on a promising scale. This is a type of

structure but rarely mot with in the Potwar Siwalik terrain east of

the Kdiaur and Dhulian oil-fields. One further favourable circtun-

stance is the probable absence at Joya Mair of the entire Murree

series (or the greater part of it) from the sequence of deposits over-

lying the Eocene Nummulitic limestones and associated group of

rocks which constitute the known source of oil in the Punjab. The
existence of this unconformity brings the Nummulitic horizon consi-

derably nearer the apex of the fold than in the areas situated in the

more northern parts of the Potwar, where the Murrees are known to

occur in great force. The fact, however, that in some parts of Chak-

wal the absence of the Murrees is also accompanied by an absence

of the Upper Nummulitics (the Chharat stage, which according

to some authorities is the main oil-producing stage in the Punjab
Eocene) to some extent discounts the favourable nature of this

factor. More detailed work however, and mapping on a larger
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»cale than has been possible in a preliminary one-inch-to-the-mile

survey, doubtless be necessary, before accurate estimates

regarding depth and other factors can be arrived at.

The lithological constitution as well the approximate thickness

of the sedimentary cover on the Nummulitics, as could be deduced

from my examination of the sections laid bare

poiuon"?* cov^er^^"
^ south of Chakwal, where the Nummuli-

tic-Siwalik unconformity is observed without

any doubt, may be represented in the following table :

—

Middle Siwalik series : (4,000 feet). Thick-bedded, grey, soft sandstones and

sand-rock with grey, orange, or drab shales; pseudo-conglomeratic beds

and some pebbly beds at the base. Proportion of sandstone to

shale—5 : 1.

Chivji Stage / (3,000 feet).—Upper beds. Thick bright red clays and shales

nodular at times, with subordinate blue-grey, soft sandstones and

pseudoconglomerates.

Lower ImmIh. lied and purple nodular shale and clays with fairly hard

sandstones.

Fossils—Maslodojif Antelopes^ other ungulate bones.

Proportion of sandstone to shale— 1 : 4.

A’umZiVd / (1,400-1,700 fec*t). -Dark-coloured, hanl, massive sandstones

red and purple shales full of calcareous concretions and many clay

[weudoconglomerate beds. Fossils— and Cheionian bones.

Pr(»portion of sandstone to shale—5 or 4 : 1.

11 ! Unconformity.
NummuiUe shale (Upjx^r Nuininulitic Stage).

These figiures give roughly a depth of 3,400 feet for the Num-
mulitics from the surface rocks at the crest of the dome.

It sliould be observed here that the Tertiary fluviatile sediments

of the Potwar basin increase in thickness northwards towards the

foot of the Himalaya. Hence the Murree series, absent in the Salt

Range sections south of Chakwal. is likely to come in and increase

in thickness progressively northwards (in the Khaur oil-field

40 miles north of the Salt Range about 300 feet of the Upper Murrees

are encountered), while the thickness of the various Siwalik stages,

observed in the same sections, are also likely to be proportionately

jpreater to the north. For this reason in the figures for thicknesses

of the various stages given here an allowance has been made for

this condition. In the figure for the Kamlials about 100-150 feet

of the Murrees (indistinguishable in lithology from the base of the

latter stage) are allowed for.

D 2
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An Occurrence of Allophane at Tikak, Assam. By A.L.

CouLSON, MSc. (Melb.), D.I.C. (Lond.), F.G.S.,

/Assistant Superintendent, Geological Survey of India.

Occurrence.

The material in question occurs as streaks and pockets in the

20-foot coal seam in the Assam Railways and Trading Company’s

quarries at Tikak, Assam. It was sent to

my colleague, Dr. C. S. Fox, by Mr. G. E.

Hines of the above company, of Margherita, Assam, and subsequently

forwarded to this department for identification.

The material, which is registered as M 982 in the collections of

the Geological Survey of India, closely resembles in outward aspect

a fossil resin. It is amorphous and occurs

in mammillary growths, at times definitely

stalactitic in nature. Its fracture is conchoidal
; it is very brittle.

Its hardness is 3.

Physical properties.

Two determinations of its specific gravity by the specific gravity

bottle gave 1*93 and 2*00. A further determination by means of

the Westphal balance, using solutions of thallium formate and thal*

lium malonate, showed that the lightest of six small pieces had a

specific gravity of 1*97 whilst that of the heaviest was 2*13. Thus

the average specific gravity is about 2*0.

The lustre of the material is vitreous to sub-resinous. Its colour

varies through shades of orange-yellow (Ridgway,^ III, 17, f—m);

its streak is white.

The material is transparent in thin section
; it is isotropic.

Three determinations of the refractive index for sodium light by

Mlcroicopic Chirac- means of a mixture of cedarwood and clove

ten. oils resulted as follows :

—

1*484±*002 at 33*6® C.

1*489±*002 at 26® C.

1*486±*002 at 30® C.

^ ^ Color Standarda and Color Nomenolatoie.’* Washington, 1921.
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Larsen^ gives the lefraotiye index of aUophane as 1*47:^ and

1
*49. The teftsotive indices of specimens of aUophane in the Indian

Museum were determined as under :

—

Specimen .

Refractive Index

Temperature

. M. 2092.

. l-476dh*001

. 3PC.

. M. 2091. .

1*482± 002.

. 3r C.

. K. 245.

. l-482±*002

. 31® C.

M 2092. Wliite allophanci, Woolwich, Kent, England.

M 2091 (B 1040). Qreen aUophane, Groasard, Salaburg, Alps.

K 245. Blue aUophane, Surkhpetao, near Dehtang, Ghorband (35^ 5': 68"^

50'), A^tuuiistan.

Pyrognottics.

The material under confiideration gives a blue colour with oobalt

solution. Heated in a closed tube, it gives oS abundant water

which is acidic to litmus paper. Between lOO^C.

and 160° C., the colour of the substance

changes to black and -the oxidation of this black material necessi-

tates prolonged heating.

A picked sample of the material was analysed in the laboratory

of this department by Mr. P. C. Roy, the result being given in C'Olumn

I of the following table. The ash, which

amoimted to 67’99 per cent., was also analysed

by Mr. Roy with the result given in Column II.

CcBipotition.

AUophane. n Ash. 11.

Moisture . 18-29 .

.

H • 2-44 8iO, • 32-44

C . 4-77 Al. 0, . • 67-42

N • 0-20 Fe, 0, . • 0-25

S • 0-63 CaO • trace

0 (by diffoe.) • 15-68 MgO • 0-25

Ash • 57-99 •• ••

Total 100-00 Total • 100-36

8. Larten. **The Miorocoopioa] Det^mination of the Non-Opaque Minerah.**

BuU. 679, V. 8, OfoL 1921, fip. 172, 3.
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In the following table, Ooluinn III ehows the complete analysis

obtained by recalculating the figures for the constituents of the

ash given above so as to total 57*99 per cent. Column lY shows the

results of another analysis of the material under examination, this

having been done by likhadeo Ram in the laboratory of this depart-

ment.

III. IV.

Si Oa . . 18-76 18-09

Al. 0. . I18-9G 36-99

m0•* • 014 0-16

Ca 0 . trace trace.

Mg 0 0-14 1-13

H, 0—110° 18-29 18-29

11, 0-f — 19-06

H 2-44 ....

C’ 4-77 * . »

•

N 0-20 ....

s 0-G3 0-(>5

0 (by diOce.) 15G8 —
Losh on igiiiUuii 0) .... 4-11

Total 100-00 98-37

The total percentage of water in Analysis III may be calculated

as follows :—0*63 per cent, sulphur requires 0*94 per cent, oxygen

to form SO3 , thus leaving 14*74 per cent, of oxygen. Assuming

that all this 14*74 per cent, of oxygen is combined with hydrogen as

water/ the percentage of combined water will then be 16*58
; thus

the total percentage of water in Analysis III is 34*87.

^ A oertain peroentage of the oxygen will be combined with carbon and hydrogen ae

coai ;
quite poatibly a little carbonate might be present.
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Afisuming the correctness of the above deductions, the molec-

ular ratio for the oxides AI2O3 : Si02 : H^O is found to be 0*38 :

Molecular ratios.

Allophane.

0*31 : 1*94 or 1*2 : 1 : 6*3 in Analysis III.

Mahadeo Ram’s analysis^ lY
,

gi\ es a mole-

cular ratio of AlgOj : SiOg : HgO as 0*35 : 0*32 : 2 07 or 1*1 : 1 :

6 *6 .

The composition of allophane is generally given as AlgOg. SiOg.

OHgO though it is perhaps more correctly given as AlgOg.

SiOg. X IlgO.^ As Dana - notes, some analyses

give 6 equivalents of water corresponding to SiOg

22*2, AlgOg 37*8, HgO 40 0=1000. There thus appears to be no

doubt that this Tikak material is allophane.

According to Mallet ^ two specimens of allophane from the Deputy
Commissioner of Simla, presumably, therefore, obtained in the

Punjab Himalaya, were sent to the Indian
occurrence Museum for determination ; one of them was

pale sky-blue in colour, the other partly green.

No information was obtainable as to how or where they were found.

I know of no other recorded occurrence in India.

Previous
in India.

^ C. Hlntzo. “ Hondbuoh dcr Minoralogio,” Band II, 1897. p. 1829.
*** System of Mineralogy,” 6th Kdition, Now York, 1904, p. 093.
* Manual of the Geology of India, IV, Mineralogy, Calcutta, 1887, p. 119.
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MISCELLANEOUS NOTE."

Australian Species of the Qenus Olsortia.

Prof. A. Morley Davies wrote to mo in December 1927 pointing

out that the ages attributed to the various Australian species of

Gisortia in D. Vredenburg's Review of the CJenus Gisortia

{Palcewiotologia Iridica^ New Scr., Vol. VII, Mem. 3.) was not in

agreement with modern opinion. The study of the distribution of

such neogene foraminifera as Leijidocijclina and Miogypsma in the

Australian deposits has led to a modification of the old views. In

Mr. Vredonburg’s memoir, the Australian Gisortice are in all cases

but one placed in the Upj>er Eocene. The following table represents

the views of l*rof. Davies ; this table has also been checked by Prof.

F. Chapman, Commonwealth Pala3ontologist, National Museum, Mel-

bourne, who notes that the sj>ecies G. cxiniui Sowerby ai d G,

spheerodoma Tate, are quite distinct from <^ne another.

Tabic showing Revised Ages of Australian species of Gisortia,

V rcilcii-

burg’a
uuinbor.

LcK al fonnatioual name. Approximate age.

10 lejtiorhyncha McC'uy Uulcoiubian, Janjukian Aipiitanian to Lower
Kaliinnan. Pliocene.

11 pUUyrhyncha MoC’ov . Janjukian Miocene.
12 amyydalina Tate Janjukian Miocene. *

13 pldlyjtyga Mol'oy Bale. -Janj. Ari^uitaniau and Miocene.
14 cons(^trina McH'oy Janjukian Miocene.
18 eritnia Sow Bale.-Jaiij. Aquitaniaii an<l Miocene.

sphcBTodoma Tato Balc.’Janj. Aquitanian and Miocene.
10 toxorhyndia Tate Baleombiaii Aquitanian.
23 ijiyas McCoy Balc.-Janj.. Aquitanian and Miocene.
24 doracUa Tat<' Balc.-Janj. Aquitanian and Miocene.
20 gastropUix McCoy. Balcombian Aquitanian.
27 muld^i Tate Janjukian Miocene.

G. DE. P. COTTER,

^ This note has already appecu-ed as a oorrigendum dip to Pal, Indica, N. S., V^ol. VU,
Mem. No. 3.
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